TECHNICAL  REPORT 


8812 


AD-A258  561 


RECOMMENDED  WATER  QUALITY  CRITERIA  FOR 
0CTAHYDR0-1,3,5,7-TENTRANITR0-1,3.5,7-TETRAZ0CIN 

(HMX) 


HOWARD  T.  BAUSUM,  Ph.D. 


% 


DTIC 

.  E1.SCTEI 
EC1419« 

B 


U  S  ARMY  BIOMEDICAL  RESEARCH  &  DEVELOPMENT  LABORATORY 
Fort  Dotrick 


F^dorick,  MD  21701-5010 

27  March  1989 


Approved  for  public  release; 
distribution  unlimited 


92-31366 

■iiiinii  i?, 

U  S  ARMY  MEDICAL  RESEARCH  A  DEVELOPMENT  COMMAND 
Fort  Dotrick 

P^odorick,  MD  21701-5012  ^  ^ 

82  12  14  039 


# 


Disclaimer 

The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  authorized 
documents . 

Disposition 

Destroy  this  report  when  It  Is  no  longer  needed.  Do  not  return  It  to  the 
originator. 


1  Aeoeeelon  for  ] 

Ills  QRA&I 
MIC  TAB 
Itaaiinounood 
Justur  icatl 

□ 

□' 

in  '  , 

By —  . 

^  Distribution/ 

^  Availability  Codes 

Dlst 

I'-'i 

Avail 

Speo 

and/or 

lal 

la.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 
TECHNICAL  REPORT  NO.  8812 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


form  Approved 
0MB  No.  0704^188 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 
Approved  for  public  release;  distribution 
unlimited. 


S.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION 
U.S.  Army  Biomedical  Research 

and  Development  Laboratory 


6b.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 
(If  tpplicabit) 

SGRD-UBG-E 


7b.  ADDRESS  (C/ty,  State,  and  ZIP  Codt) 


8b  Office  SYMBOL  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable) 

SGRU-UBG-E 


10  SOURCE  OF  FUNDING  NUMBERS 


ITTO 


6c  ADDRESS  (City.  State,  and  ZIP  Code) 
Building  568 
Fort  Detrick 

Frederick,  MD  21701-5010 


8a.  NAME  OF  FUNDING /SPONSORING 

ORGANIZATION  U.S.  Army  Biomed¬ 
ical  Research  and  Development 

T  <9 


8c  ADDRESS  (Oty,  State,  and  ZIP  Code) 
Building  568 
Fort  Detrick 

Frederick,  MD  21701-5010 


1 1 .  TITLE  (Include  Security  Clatsification) 

Water  Quality  Criteria  for  Octahydro-1 , 3,5,7-tetranitro-l ,3,5,7-tetrazocine  (HMX) 


12.  PERSONAL  AUTHOR(S) 
BAUSUM,  HOWARD  THOMAS 


13a.  TYPE  OF  REPORT 
Final 


16.  SUPPLEMENTARY  NOTATION 


13b  TIME  COVERED 

14  DATE  OF  REPORT  {Year.  Month,  Day) 

FROMOct  86  TO  Oct  88 

COSATI  COOES 


GROUP  SUB-GROUP 


18.  SUBJECT  TERMS  {Continue  on  reverse  if  necessary  and  identify  by  block  number) 
munition  products  aquatic  toxicity 

HIOC  mammalian  toxicity 

health  effects  metabolism 


19.  ABSTRACT  {Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Octahydro-i,3,5,7-tetranitro-l,3,5,7-tetrazocine  (HMX)  is  a  colorless,  crystalline  nitramine 
used,  in  various  formulations,  in  military  munitions  and  rocket  propellants.  The  compound  is 
released  to  the  environment  in  wastewaters  resulting  from  manufacturing  and  loading  processes. 
Health  and  environmental  effects  data  were  analyzed  and  reviewed. 

In  tests  with  four  species  of  freshwater  invertebrates  and  four  species  of  fish,  HMX  was  not 
acutely  or  chronically  toxic  up  to  the  limit  of  aqueous  solubility,  approximately  3.9  mg/L. 

In  one  report,  toxic  effects  were  encountered  in  post-hatching  stages  of  the  bluegill.  In  tes 
with  four  species  of  algae,  toxic  effects  were  not  encountered.  All  tests  reported  with  aqua¬ 
tic  organisms  were  static,  ranging  up  to  96  hrs;  chronic  or  flow-through  tests  were  not 
reported. 

HMX  is  poorly  absorbed  when  administered  orally  to  rats  or  mice;  most  (85%  in  rats,  70% 
in  mice)  was  recovered  in  the  feces.  After  intravenous  administration  of  C— HMX  to 


20.  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 

O UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT  □  OTIC  USERS 

21  abstract  security  CLASSIFICATION 

UNCLASSIFIED 

22«.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

HOWARD  T.  BAUSUM.  Ph.D. 

22b  TELEPHONE  (Indud*  Area  Code) 
AC  301-663-2538 

22c  OFFICE  SYMBOL 
SGRD-UBG-E 

DO  Form  1473,  JUN  86 


Previous  editions  are  obsolete 


SECURITY  classification  OF  THIS  PAGE 


19.  ABSTRACT  (Continued) 


the  rat,  61  percent  of  the  radioactivity  was  eliminated  in  the  urine,  six 
percent  as  CO2,  and  only  five  percent  retained  in  the  body  at  four  days. 

Plasma  concentrations  were  lower  than  those  in  tissues;  highest  concentrations 
were  observed  in  liver  and  kidney.  There  was  rapid  metabolism  of  part  of  the 
administered  compound  to  very  polar  substances. 

Adverse  health  effects  were  not  found  in  persons  exposed  occupationally  or 
experimentally  to  HHX,  except  for  minimal  erythematous  lesions  in  skin  patch 
tests.  Oral  LD5Q  values  were  about  6.3  g/kg  in  mice  and  about  2.3  g/kg  in 
rats.  The  central  nervous  system  is  a  target  system,  with  hyperkinesia, 
ataxia,  and,  at  higher  doses,  convulsions  observed.  Histologic  changes  in  the 
liver  were  important  in  short-term  (14-day)  studies  in  rats. 

In  a  13-week  feeding  study  with  mice,  though  mortality  was  encountered  at 
doses  of  200  to  750  mg/kg/day,  gross  or  histopathologic  changes  and  other 
toxic  signs  were  not  encountered,  with  minor,  questionable,  exceptions.  In  a 
companion  13-week  study  with  rats,  histologic  changes  in  the  liver  were  found 
in  males  (450,  1350,  and  4000  mg/kg/day)  and  tubular  kidney  changes  (focal 
atrophy  and  dilation)  in  females  (270,  620,  and  1500  mg/kg/day).  A  no¬ 
observed-adverse-effect  level  (NOAEL)  of  50  mg/kg/day  was  determined. 

No  lifetime  studies  nor  determinations  of  developmental  toxicity,  reproductive 
effects,  or  carcinogenicity  were  found.  Tests  of  mutagenicity  have  been 
negative. 

Environmental  fate  studies  with  HMX  indicate  that  it  can  persist  for  great 
distances  below  a  source,  but  that  both  photolysis  and  biodegradation  can  play 
a  role  in  reducing  residual  levels.  Wastewaters  containing  HMX  can  be 
successfully  treated  in  biological  systems  under  anaerobic  conditions. 
Sensitive  analytical  methods  exist  for  detection  of  HMX. 

Due  to  limitations  in  the  data  base,  it  is  not  at  present  possible  to  derive 
water  quality  criteria  for  protection  of  aquatic  life  following  USEPA 
guidelines.  Based  on  the  NOAEL  of  50  mg/kg/day  from  the  13-week  rat  study,  an 
allowable  human  daily  intake  (ADI)  of  3.5  mg/day  was  calculated.  An  ambient 
water  quality  criterion  of  1.7  mg/L  was  proposed  for  the  protection  of  human 
health.  This  compares  to  a  value  of  0.103  rag/L  proposed  for  RDX. 
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1.  INTRODUCTION 


0ctahydro-l,3,5,7-tetranitro-l ,3,5,7-tetrazocine  is  a  nitramine  explosive 
and  propellant  compound  manufactured  by  the  US  Army.  It  is  commonly  called 
HMX  (for  High-melting  Explosive).  It  is  chemically  similar  to  RDX,  is  made  by 
a  modification  of  the  process  used  in  RDX  synthesis,  and  is  present  as  a  minor 
constituent  in  RDX.  HMX  is  used  in  a  variety  of  explosive,  bonded  explosive, 
and  propellant  formulations  by  the  armed  services  and  civilian  manufacturers 
of  rocket  propellants. 

The  objectives  of  this  report  are  to  review  existing  data  on  HMX,  with 
special  reference  to  those  on  human,  mammalian,  and  aquatic  health  effects, 
and  to  generate  water  quality  criteria  for  drinking  water  and  for  the 
protection  of  aquatic  life  and  its  uses.  For  this  purpose,  USEPA  methods  will 
be  followed;  these  are  summarized  in  the  appendices:  Appendix  A,  derivation 
of  criteria  for  the  protection  of  aquatic  life  and  its  uses  (Stephan  et  al. 
1985),  and  Appendix  B,  for  the  protection  of  human  health  (USEPA  1980). 


PHYSICAL  AND  CHEMICAL  PROPERTIES  (from  Lindner,  1980,  unless  otherwise 
indicated) 

Common  designation:  HMX  (for  High  Melting  Explosive,  Fedoroff 
and  Sheffield,  1966);  octogen. 

Chemical  name:  Octahydro-1 ,3,5,7-tetranitro-l,3,5,7-tetrazocine. 

Synonyms:  Cyclotetramethylenetetranitramine;  tetramethylene  tetranitramine; 
1 ,3,5,7-tetraza-l ,3,5,7-tetranitro-cyclooctane;  homocyc Ionite. 

Molecular  formula:  C4H8N8O8 

Structural  formula: 


H^C' 


02N-M 

H,V 


N02 
'N 


qH2 

J^-N02 

f<02 


Molecular  weight:  296.17 
CAS  Registry  number:  2691-41-0 

Elemental  analysis:  C,  16.22  percent;  H,  2.72  percent;  N,  37.84  percent;  0, 
43.22  percent. 
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Color:  white 


Crystal  density,  g/cm^;  1.90  (beta) 

Crystal  form:  four  polymorphic  forms:  beta  form  Is  least  sensitive  and  most 
stable. 

Vapor  pressure:  3  X  10"®  mm  Hg  at  100®C 
Melting  point:  286®C 
Hardness,  Mohs:  2.3 

Solubility,  g/L:  water  -  0.0066  at  20°C,  0.14  at  83°C;  acetone  - 

22.0  at  30®C;  cyclohexanone  -  53.0  at  30®C;  acetic  anhydride  -  13.0  at 
30®C  (Patterson  et  al.,  1977);  dimethyl  sulfoxide  -  soluble.  Generally 
less  soluble  in  a  given  solvent  than  ROX 

Specific  heat,  J  (-g  X  X):  1.26 

Heat  of  formation,  kJ/g:  -0.253 

Heat  of  combustion,  kJ/g:  9.43 

Heat  of  detonation,  kJ/g:  5.67 

Heat  of  vaporization,  J/g:  368 

Oxygen  balance,  percent  to  CO2:  -22 

Detonation  products,  experimentally  determined  in  a  bomb  calorimeter,  mole  per 
mole  HMX:  3.68  N2;  3.18  H2O;  1.92  CO2;  1.06  CO;  0.97  C;  0.395  NH3;  0.30 
H2.  Other  products  include  N2O,  HCN,  CH2O.  Proportions  vary  with 
conditions. 


MANUFACTURE  AND  USE 

The  Army  is  the  only  manufacturer  of  HMX  in  the  United  States.  It  is 
produced  at  Holston  Army  Ammunition  Plant  (AAP),  Kingsport,  Tennessee, 
operated  by  the  Holston  Defense  Corporation,  a  subsidiary  of  Eastman  Kodak. 

HMX  is  produced  by  a  modification  of  the  Bachman  process  (Bachman  and  Sheehan, 
1949),  which  is  also  used  in  the  manufacture  of  RDX  (hexahydro-l,3,5-trinitro- 
1,3,5-triazlne).  A  description  and  flow  diagrams  of  the  process  are  given  by 
Pal  and  Ryon  (1986).  This  process  involves  the  nitration  of  hexamine 
(hexamethylene  tetramine)  with  nitric  acid  and  ammonium  nitrate  in  an  acetic 
acid/acetic  anhydride  solvent.  HMX  production  differs  from  that  of  RDX  in  the 
proportion  of  starting  materials  and  in  the  optimal  temperature  (44°C  for 
HMX).  The  processing  steps,  which  are  outlined  by  Kitchens(1979) ,  are 
essentially  the  same  and  include  simmering  of  the  reaction  mixture  to  minimize 
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by-products.  In  each  case,  formation  of  one  nitramine  is  favored,  but  the 
final  product  contains  a  few  percent  of  the  other  compound  as  well.  The 
normal  stoichiometric  reaction  for  the  formation  of  HMX  is: 

2C6Hi?N4  ♦  8HNO3  ♦  4NH4NO3  ♦  6(CH3C0)20  — >  3C4H8N8O8  *  I2CH3COOH  ♦  6H2O 

hexamine  ac.  anhydride  HMX  ac.  acid 

Production  capacity  for  HMX  is  15  million  Ib/yr,  with  actual  production 
somewhat  variable,  perhaps  5  to  10  percent  of  capacity.  Most  HMX  is  used  by 
the  Army  or  Navy  in  formulating  a  number  of  explosive  mixtures.  The  remaining 
HMX  is  sold  to  civilian  manufacturers,  including  Hercules,  Thiokol,  and 
Aerojet  General,  for  use  in  rocket  propellant  formulations.  These  propellants 
are  produced  for  the  military,  thereby  making  HMX  a  military-unique  compound 
(Kitchens,  1979). 


ENVIRONMENTAL  EFFECTS  AND  FATE 

Wastewaters  resulting  from  the  manufacture  and  loading  of  HMX  and  HMX- 
containing  propellants  and  explosives  may  be  discharged  to  the  environment. 

The  greatest  source  for  HMX  release  is  found  at  Holston  AAP  and  includes 
several  steps  in  the  manufacturing  process,  especially  recrystall ixation  and 
dewatering,  and  incorporation  operations.  In  addition,  load,  assemble  and 
pack  (LAP)  operations  involving  HMX-containing  explosives  and  propellants  take 
place  at  approximately  seven  AAPs  and  four  naval  facilities.  HMX  and  RDX 
almost  always  occur  together  in  AAP  discharge  water.  This  is  due  to  HMX's 
being  a  contaminant  of  RDX  manufacture  and  from  their  sharing  a  common 
manufacturing  process  (Sullivan  et  al.,  1979).,  In  studies  of  effluent 
wastewater  at  Holston  AAP,  Stidham  (1979)  calculated  an  average  value  for 
total  HMX  release  to  wastewater  at  45  lbs  per  day  (0.164  Ib/ton  of  product), 
with  concentrations  ranging  from  0.09  to  3.36  mg/L.  Kitchens  (1979)  reported 
HMX  concentrations  of  0.01  mg/L,  in  the  Holston  River,  to  2.6  mg/L  in  some 
wastewater  samples.  Only  partial  removal  is  accomplished  by  present  treatment 
of  the  wastewaters. 
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2.  AQUATIC  TOXICOLOGY,  TOXICITY  TO  PLANTS  AND  ANIMALS 


TOXICITY  TO  AQUATIC  ORGANISMS 

Data  available  for  calculating  a  water  quality  criterion  for  HMX  do  not 
meet  all  requirements  specified  by  the  USEPA  guidelines  (Stephan  et  al.  1985). 
However,  since  the  available  data  are  fairly  consistent  in  their  assessment  of 
the  toxicity  of  HMX,  information  on  the  effects  of  this  compound  on  aquatic 
organisms  is  presented  and  discussed  below. 

Aquatic  Invertebrates 

Bentley  et  al.  (1977)  performed  static  acute  toxicity  tests  on  four 
species  of  freshwater  invertebrates.  These  were  Daphnia  magna  (water  flea,  a 
Cladoceran),  Asellus  militaris  (sowbug,  an  isopod),  Ganmarus  fasciatus 
(amphipod),  and  Chironomus  tentans  (midge)  larvae.  The  tests  were  conducted 
for  24  and  48  hours  at  20C.  pH  7.1,  and  35  mg/L  hardness.  The  EC50  values, 
based  on  immobilization  at  48  hours,  were  all  in  excess  of  32  mg/L,  the 
highest  level  of  HMX  tested.  No  adverse  effects  on  these  test  animals  were 
reported.  These  results  reflect  a  low  acute  toxicity,  which  may  be  considered 
lower  than  that  for  either  algae  or  fish  (Sullivan  et  al.  1979).  It  should  be 
recognized,  however,  that  only  nominal  concentrations  were  reported  and  that, 
due  to  solubility  problems  with  this  compound,  the  actual  concentrations  were 
considerably  lower. 

In  a  later  study  (Bentley  et  al.  1984),  no  lethality  was  observed  in  24 
and  48  hour  static  acute  tests  with  D.  magna  at  concentrations  up  to  3.9  mg/L, 
which  was  reported  by  the  investigators  to  be  the  limit  of  aqueous  solubility 
under  the  conditions  used.  Daphnid  chronic  toxicity  tests  were  then 
undertaken  (22°C,  pH  range  7. 8-8. 5),  with  percentage  survival  determined  at 
weekly  Intervals  to  28  days  at  mean  measured  HMX  levels  up  to  3.9  mg/L.  In 
all  cases,  survival  was  comparable  to  that  of  controls.  Cumulative  offspring 
per  female  were  also  determined  at  intervals  throughout  the  28-day  study  and 
showed  no  statistically  significant  reduction  from  those  in  the  control  group. 

Fish 


An  evaluation  of  the  toxic  effect  of  exposure  to  wastewater  from  an  AAP 
producing  RDX  and  HMX  was  performed  by  Stilwell  et  al.  (1977),  using  the 
fathead  minnow,  Pimeohales  oromelas.  The  fish  were  exposed  in  a  96-hour 
static  assay  to  various  dilutions  of  the  waste.  The  LC50  values  ranged  from  1 
percent  to  70  percent  of  the  effluent  concentrations,  depending  on  the  part  of 
the  plant  from  which  the  effluent  was  produced.  HMX  and  RDX  concentrations  in 
the  waste  ranged  up  to  about  6  ppm.  There  was  a  positive  correlation  between 
HMX  content  and  toxicity. 

The  toxicity  of  HMX  to  four  species  of  fish  was  determined  by  Bentley  et 
al.  (1977)  in  static  acute  tests  of  24-,  48-,  and  96-hour  durations.  They 
exposed  bluegills  (Leoomis  macrochirusl .  fathead  minnows,  rainbow  trout  (Salmo 
gairdnerii.  and  channel  catfish  (Ictalurus  ounctatus)  to  various 
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concentrations  of  HMX  and  found  that  in  all  cases  LC50  values  were  over  32 
mg/L  nominal  concentration.  In  further  static  tests  with  bluegills  temoer- 
ature  was  varied  from  15  to  ZbH,  pH  from  6  to  8.  and  hardness  from'35  to  250 
mg/L  as  CaC03.  Again  all  LC50  values  were  above  32  mg/L,  showing  that 
specific  test  conditions  were  not  responsible  for  the  low  toxicity.  In  tests 
of  various  life  stages  of  the  fathead  minnow,  a  greater  degree  of  sensitivity 
was  observed  only  for  the  7-day  posthatching  stage,  in  which  the  LC50  was  25 
mg/L  in  48-hour  tests  and  15  mg/L  for  96  hours. 

potential  toxicity  to  developing  fry,  the  Army  chose  to 
the  toxicity  of  HMX  to  fish  in  an  embryo-larval  study  using  the 
fathead  minnow,  £,_.BrQnielas  (Bentley  et  al.  1984).  In  preliminary  static  acute 
tests  at  nominal  concentrations  from  1.9  to  15  mg/L,  no  adverse  effects  were 
observed  at  exposures  from  24  to  96  hours.  In  further  tests  (Table  1).  frv 
were  exposed  for  32  days  posthatch  to  HMX  solutions  up  to  the  limit  of  aqueous 
solubility  (measured  concentrations:  0.22,  0.32,  0.78,  1.3,  and  3.3  mg/L). 
ercentage  hatch,  percentage  survival,  and  mean  weight  and  length  were  in  all 
cases  comparable  to  the  control  values.  This  result  was  not  i?  agreement  with 
the  earlier  finding  (Bentley  et  al.,  1977)  of  toxicity  to  7-day-old  fry. 

fk  hatch,  survival,  and  mean  length  and  weight  of 

promelfli)  exposed  to  HMX  for  32  days  post-hatch 
in  embryo- larval  static  tests  (after  Bentley  et  al.,  1984).  A  and  B  are 
rep  I  icate  tests • 


mg/L  HMX 

Percent 

Percent 

Mean 

Mean 

(measured) 

hatch 

survival 

length  (mm) 

weight 

3.3  A 

93 

98 

21(2. 6)a 

0.066 

B 

95 

98 

21(2.2) 

0.072 

1.3  A 

93 

96 

21(2.3) 

0.068 

B 

95 

100 

21(2.5) 

0.063 

0.78  A 

100 

95 

21(1.9) 

0.064 

B 

98 

97 

20(2.4) 

0.058 

0.32  A 

97 

95 

21(2.0) 

0.064 

B 

97 

95 

19(2.7) 

0.054 

0.22  A 

98 

100 

20(2.5) 

0.060 

B 

93 

100 

20(2.7) 

0.058 

control  A 

95 

96 

20(2.1) 

0.062 

B 

97 

95 

20(2.5) 

0.060 

a  -  standard  deviation 
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It  is  apparent  that  HMX  is  not  acutely  or  chronically  toxic  to  the  fish 
tested,  or  to  invertebrates,  at  the  limit  of  aqueous  solubility.  Although 
nonaqueous  solvents  were  not  used  in  these  studies,  extraordinary  means  were 
used  to  maximize  solution,  i.e.,  1  week  of  starring  at  25°C. 

Aquatic  plants  and  Bacteria 

The  toxicity  of  HMX  to  algae  was  also  studied  by  Bentley  et  al.  (1977). 
Included  were  two  species  of  blue-green  algae.  Microcystis  aeruginosa  and 
Anabaena  flos-aauae.  the  green  alga  Selenastrum  caoricornutum.  and  the  diatom 
Navicula  pelliculosa.  Nominal  concentrations  from  0.32  to  32  mg/L  were 
employed  in  96-hour  static  tests.  Endpoints  evaluated  were  cell  density 
(cells  per  ml)  and  chlorophyll  a  content.  Small  increases  in  these  parameters 
were  seen  in  many  cases,  but  these  were  not  significantly  different  from 
controls,  when  probit  transformations  were  used.  In  no  case  were  any 
deleterious  effects  found,  indicating  that  EC50  values  are  in  excess  of  the 
highest  concentrations  tested.  Sullivan  et  al.  (1979)  applied  additional 
statistical  treatment  to  these  data  and  found  some  of  the  increases  in  cell 
density  and  chlorophyll  a  to  be  significant.  They  did  not  equate  this  with 
biological  significance.  No  data  were  found  for  the  effects  of  HMX  on 
vascular  aquatic  plants.  Nor  were  data  found  on  the  toxic  effects  on 
bacteria,  except  as  noted  in  the  section  on  mutagenesis. 


TOXICITY  TO  TERRESTRIAL  ORGANISMS 

Data  on  mammals  frequently  used  in  laboratory  experiments  are  given  in 
another  section.  No  other  data  were  found  on  the  toxic  effects  of  HMX  on 
terrestrial  plants,  invertebrates,  birds  or  mammals. 


3.  PHARMACOKINETICS 


ABSORPTION 

In  a  study  of  the  pharmacokinetics  of  HMX  in  rats  and  mice,  Cameron 
(1986)  gave  a  single  oral  dose  of  the  14C-1abe11ed  compound  (500  mg/kg)  to 
rats  (five  animals  per  sex)  and  mice  (five  animals  per  sex).  The  HMX  was 
prepared  in  aqueous  carboxymethylcel lulose  solution  and  delivered  by  gavage. 

In  both  species,  radioactivity  was  rapidly  eliminated,  mainly  in  the  feces. 
Thus  in  rats  85  percent  had  been  eliminated  in  the  feces  in  96  hours.  In  mice 
the  corresponding  figure  vas  70  percent.  The  remaining  radioactivity  was 
largely  absorbed;  amounts  remaining  in  the  gastrointestinal  tract  at  96  hours 
were  0.07  percent  in  the  rat  and  0.16  percent  in  the  mouse.  There  appeared  to 
be  no  significant  differences  in  these  values  between  the  sexes. 

Cameron  (1986)  also  estimated  systemic  absorption  of  an  oral  dose  in  the 
rat  by  comparing  percent  of  radioactivity  appearing  in  the  urine  following 
oral  and  intravenous  administration  of  ^^C-HMX.  Results  indicated  that  only 
about  6  percent  of  material  administered  p.o.  was  absorbed.  A  similar 
calculation  was  made  based  on  peak  plasma  levels  achieved  following  oral  and 
i.v.  administration.  An  estimate  of  only  4  percent  absorption  of  the  oral 
dose  was  obtained.  This  estimate  is  probably  less  reliable,  because  of  the 
low  plasma  levels  observed.  It  was  concluded  that  in  rats  about  5  percent  of 
an  oral  dose  of  HMX  is  absorbed  into  the  systemic  circulation.  The  above 
estimates  of  absorption  from  the  gut  could  all  be  low  if  rapid  secretion  into 
the  bile  occurs. 

Absorption  of  HMX  through  the  skin  is  also  poor,  with  large  doses 
required  to  produce  significant  toxic  effects.  McNamara  et  al.  (1974) 
applied  HMX,  33  percent  (w/v)  in  dimethylsulfoxide  (DMSO),  to  the  clipped 
backs  of  rabbits.  At  a  dose  of  1.0  ml  (165  mg/kg),  no  changes  in  blood  cell 
or  blood  chemistry  parameters  nor  lesions  in  internal  organs  were  noted.  The 
actual  skin  area  covered,  in  cm^,  was  not  stated.  In  guinea  pigs,  similarly 
exposed  to  1000  or  2000  mg/kg,  no  gross  systemic  effects  were  noted,  although 
several  deaths  occurred  and  were  attributed  to  HMX.  The  same  authors  reported 
an  intravenous  LD50  for  guinea  pigs  of  28.2  mg/kg.  Similar  experiments  were 
also  performed  by  McNamara  et  al.  (1974)  on  beagle  dogs.  There  were  no 
consistent  changes  in  blood  pressure,  heart  rate,  respiratory  rate,  EKG,  or 
EEG,  nor  abnormal  responses  tc  stimuli,  over  a  four-week  period  following 
topical  application  of  HMX,  289  or  480  mg/kg,  in  DMSO  (treated  area  in  cm^  not 
stated).  When  the  i.v.  route  was  used,  hypotension  and  a  sleeplike  EEG 
pattern  were  produced  by  doses  as  low  as  2.5  mg/kg.  Comparable  results  were 
obtained  when  acetone  or  cyclohexanone  was  used  as  the  solvent,  although  the 
applied  concentrations  of  HMX  were  lower.  It  was  concluded  that  the  skin  of 
these  animals  is  poorly  penetrated  by  HMX. 

Toxicity  by  the  dermal  route  was  also  reported  by  Cuthbert  et  al.  (1985) 
to  be  far  lower  than  toxicity  by  the  i.v.  route.  Thus  in  the  rat,  the 
intravenous  LD50  was  reported  as  25  mg/kg  for  males  and  38  mg/kg  for  females, 
while  the  values  for  dermal  exposure  were  in  excess  of  5000  mg/kg.  For 
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rabbits,  l.v.  LD50  was  10  to  15  mg/kg,  while  dermal  L050  was  670  mg/kg  for 
males  and  1340  mg/kg  for  females. 


DISTRIBUTION  AND  EXCRETION 

Cameron  (1986)  administered  ^^C-HMX  (500  mg/kg)  to  rats  (five  males  and 
five  females)  as  a  single  oral  dose,  given  by  gavage  In  aqueous 
hydroxymethylcel lulose.  After  96  hours,  85  percent  had  been  eliminated  In  the 
feces,  4  percent  In  the  urine.  Only  0.7  percent  remained  In  the 
gastrointestinal  tract  and  carcass.  In  two  animals,  ^^C02  was  collected  for 
48  hours  post  dose.  This  represented  0.5  percent  of  the  total  radioactivity. 
There  was  apparently  no  difference  between  males  and  females  In  the  results 
obtained.  In  a  parallel  experiment  In  mice,  again  500  mg/kg,  after  96  hours 
70  percent  had  been  eliminated  In  the  feces  and  3  percent  In  the  urine.  Only 
0.6  percent  was  retained  In  the  gastrointestinal  tract  and  carcass.  Again 
^^C09  was  collected  from  two  animals  over  the  first  48  hours.  This  accounted 
for  1.1  percent  of  the  total  dose. 

Levels  of  radioactivity  In  the  plasma  Increased  slowly  during  the  first 
six  hours  post  dose.  These  peaked  In  both  species  between  6  and  12  iig 
equiv/ml.  If  a  plasma  volume  of  45  ml/kg  Is  assumed,  these  peak 
concentrations  accounted  for  only  0.07  percent  of  the  total  dose  administered. 
In  relation  to  administered  dose,  plasma  levels  were  low  and  showed  little 
change  with  Increasing  dose  (Henderson,  1985b). 

Cameron  (1986)  also  studied  the  pharmacokinetics  of  radioactivity 
following  single-dose  Intravenous  administration  of  ^^C-HMX  (2  mg/kg)  to  the 
rat  (five  animals  of  each  sex).  The  dose  was  administered  In  30  DMSO  with 
Injection  Into  the  saphenous  vein.  This  was  regarded  as  roughly  representing 
the  absorbed  portion  of  an  oral  dose.  After  96  hours,  61  percent  had  been 
eliminated  In  the  urine  and  3  percent  In  the  feces,  while  5  percent  was 
retained  In  the  Intestinal  tract  and  carcass.  There  appeared  to  be  no 
difference  In  the  results  between  males  and  females.  From  two  animals,  ^^C02 
was  collected  for  the  first  24  hours.  This  amounted  to  about  6  percent  of  the 
total  radioactivity  administered.  The  rates  of  excretion.  In  relation  to  the 
remaining  body  burden,  were  high  only  In  early  time  periods.  For  example  In 
the  period  from  72  to  96  hours  post-dose,  only  0.5  percent  of  the  total  dose 
was  excreted,  while  5  percent  of  the  total  was  being  retained  In  the  body. 

Only  70-80  percent  of  the  radioactivity  was  recovered.  The  fate  of  the 
remainder  was  not  determined,  although  the  author  suggested  that  ^^C02 
excretion  after  the  48  hour  mark,  or  excretion  of  other  volatile  metabolites, 
may  have  contributed  to  incomplete  recoveries. 

Plasma  levels  of  total  radioactivity  In  these  rats  Increased  during  the 
first  hour  post-dose.  They  then  tended  to  maintain  a  plateau  for  up  to  6 
hours  at  concentrations  of  1  ug  equiv/ml  In  males  and  0.5  nq  equiv/ml  In 
females.  In  the  period  6  to  72  hours,  plasma  radioactivity  levels  declined 
greatly,  and  levels  In  males  and  females  were  both  approximately  0.2  ug 
equiv/ml  at  24  hours  and  0.05  ug  equiv/ml  at  72  hours.  If  a  plasma  volume  of 
45  ml/kg  Is  assumed,  then  the  peak  concentrations,  at  one  to  six  hours  post- 
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dose,  indicate  that  at  that  time  2.3  percent  (males)  or  1.1  percent  (females) 
of  the  total  dose  was  circulating  in  plasma.  Following  single  i.v. 
administration  of  ^^C-HMX,  (2  mg/kg)  to  6  male  and  6  female  rats, 
radioactivity  was  measured  in  various  tissues  and  organs  of  individual  animals 
sacrificed  at  2  min,  24  hours,  and  96  hours  post-dose  (Cameron  1986).  At  2 
min,  highest  levels  were  observed  in  lung  and  heart  and  lowest  levels  in  the 
brain.  (Table  2).  At  24  and  96  hours  post-dose,  highest  concentrations  were 
found  in  liver  and  kidney.  Total  recoveries  in  the  rat  body  were 
approximately  90  percent  at  2  min,  17  percent  at  24  hours,  and  5  percent  at  96 
hours.  Tissue  to  plasma  ratios  of  radioactivity,  shown  in  Table  3,  generally 
increased  with  time.  An  exception  is  the  2  min  value  for  lung,  which  is  the 
first  tissue  to  encounter  an  i .v. -administered  chemical. 


Table  2.  Radioactivity  in  various  tissues  at  intervals  following  a  single 
i.v.  dose  of  14C-HMX  (2  mg/kg)  to  6  male  and  6  female  rats. 


Tissue  Radioactivity  (ag  equiv/gm) 


2  min 

24  hr 

96  hr 

Whole  blood 

2.15 

0.22 

0.07 

Plasma 

1.58 

0.18 

0.05 

Lung 

15.39 

0.32 

0.19 

Liver 

4.25 

0.83 

0.26 

kidney 

3.96 

0.74 

0.36 

Skeletal  muscle 

1.28 

0.22 

0.08 

Brain 

0.22 

0.09 

0.04 

Table  3.  Radioactivity  in  various  tissues  at  intervals  following  a  single 
i.v.  dose  of  14C-HMX  (2  mg/Kg)  to  6  male  and  6  female  rats:  tissue  to  plasma 
ratios. 


Tissue 

Tissue 

to  plasma  radioactivity 

ratios 

2  min 

24  hr 

96  hr 

Whole  blood 

1.5 

1.2 

1.5 

Lung 

7.6 

1.8 

4.3 

Liver 

2.3 

4.6 

6.1 

kidney 

2.2 

4.1 

8.1 

Skeletal  muscle 

0.7 

1.2 

1.7 

Brain 

0.1 

0.5 

0.8 

METABOLISM 

No  information  on  the  metabolism  of  HMX  was  found  by  Ryon  et  al.  (1984). 

Cameron  (1986)  determined  radioactive  HMX  and  metabolites  in  urine  and 
feces  of  rats  following  a  single  oral  dose  of  2  mg/kg  ^^C-HMX.  Urine  samples 
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(0-6  hr,  6-24  hr,  24-48  hr,  48-72  hr,  and  72-96  hr)  and  feces  samples  (0-24 
hr)  were  pooled  for  male  and  female  animals  separately.  The  three  earliest 
urine  samples  for  each  sex  were  analyzed  by  extraction  with  acetonitrile 
followed  by  thin  layer  chromatography  (TLC)  on  silica  gel  In 
dlchloromethane: acetonitrile,  80:30  v/v,  (each  sample  was  co-chromatographed 
with  unlabelled  HMX)  and  apposition  autoradiography.  Four  significant 
radioactive  components  were  detected:  HHX  (at  RF  0.51),  two  minor  metabolites 
called  Met  1  and  Met  2  (respectively  at  RF  0.08  and  0.03),  and  material 
retained  at  the  origin.  The  minor  metabolites  accounted  for  only  1-2  percent 
of  total  radioactivity  In  both  male  and  female  samples,  while  approximately 
equal  proportions  of  HHX  and  origin  (polar)  material  made  up  the  remainder. 

The  proportion  of  total  radioactivity  associated  with  HHX  was  higher  In  female 
samples  and  tended  to  decrease  with  time.  At  48  hours,  the  following  amounts, 
expressed  as  percent  of  total  administered  radioactivity,  had  been  eliminated 
In  urine: 


Hale 

Female 

HHX 

24.5 

37.8 

Het  1 

0.2 

0.2 

Het  2 

1.0 

1.0 

Polar  (origin) 

28.3 

16.7 

All  the  pooled  urine  samples  (through  96  hr)  and  the  pooled  feces  samples  (0- 
24  hr)  were  analyzed  by  high  performance  liquid  chromatography  (HPLC). 

Samples  were  extracted  with  acetonitrile  and  taken  up  In  90  percent  methanol. 
Reverse-phase  HPLC  was  performed  on  4  X  0.5  cm  Co-Pell  ODS  and  25  X  0.8  cm 
Hypersll  OOS  columns  (mobile  phase  -  25  percent  acetonitrile,  detection  -  u.v. 
absorbance  at  280  nm).  Each  sample  was  co-chromatographed  with  unlabelled 
HHX.  Radioactivity  In  fractions  was  detected  and  quantitated  by  scintillation 
counting.  The  pattern  of  metabolites  was  the  same  for  all  samples;  only  the 
amounts  and  proportions  varied  (Table  4).  There  were  two  major  components  - 
^^C-HMX,  at  a  retention  time  of  22  minutes,  and  polar  material  unresolved  from 
the  solvent  front.  In  addition  three  minor  components  were  detected  (A,  B, 
and  C).  These  accounted  for  less  than  2  percent  of  each  urine  extract, 
although  one.  Met  C,  accounted  for  up  to  10  percent  of  the  small  amount  of 
radioactivity  found  In  the  feces.  The  proportion  of  radioactivity  associated 
with  HMX  generally  decreased  with  time  post-dose.  Total  amounts  eliminated  In 
96  hours  were  as  follows: 


Males 

Females 

HMX 

25.1 

40.7 

Me't  A 

0.4 

0.3 

Met  B 

0.4 

0.2 

Met  C 

0.7 

1.0 

Polar  material 

29.4 

20.1 

The  polar  metabollte(s)  was  essentially  unretained  In  the  HPLC  system, 
always  chromatographing  at  or  close  to  the  solvent  front.  Using  acetonitrile- 
water  systems  with  sodium  lauryl  sulfate,  several  experimental  mobile  phases 


10 


were  tried,  without  achieving  retention  of  this  material.  To  investigate  the 
possibility  that  the  highly  polar  substance  is  a  conjugate,  urine  was  treated 
with  an  equal  volume  of  HC1  for  1  hr  at  lOOC,  neutralized,  and  prepared  for 
HPLC.  No  real  difference,  qualitative  or  quantitative,  was  detected  as  a 
result  of  the  acid  hydrolysis. 


Table  4.  HPLC  analysis  of  urine  14C  from  rats  up  to  96  hr  after  a  single  i.v. 
dose  of  14C-HMX  (2  mg/Kg),  results  expressed  as  percent  of  dose  administered 
(M  -  male,  F  -  female).  HPLC  mobile  phase  -  25t  acetonitrile;  detection  -  UV 
absorbance  at  280  nm. 


Component 

0 

-6 

6-24 

24-48 

48-72 

72-96 

0-96  hr 

Highly  polar,  M 

10.8 

15.2 

2.1 

0.8 

0.3 

29.2 

F 

5.4 

9.0 

2.3 

1.0 

0.2 

17.9 

Metabolite 

A,  M 

0.2 

0.2 

0.0 

0.0 

0.0 

0.4 

F 

0.1 

0.2 

0.0 

0.0 

0.0 

0.3 

Metabolite 

B,  M 

0.1 

0.2 

0.0 

0.0 

0.0 

0.3 

F 

0.0 

0.2 

0.0 

0.0 

0.0 

0.2 

Metabolite 

C,  M 

0.3 

0.3 

0.0 

0.0 

0.0 

0.6 

F 

0.2 

0.5 

0.1 

0.0 

0.0 

0.8 

HMX 

M 

14.0 

10.0 

0.6 

0.1 

0.1 

24.8 

F 

13.0 

22.4 

2.9 

1.0 

0.2 

39.8 

Remainder 

M 

0.4 

0.2 

0.0 

0.0 

0.0 

0.6 

F 

0.2 

0.1 

0.0 

0.0 

0.0 

0.3 

Unextracted  M 

1.0 

4.0 

0.1 

0.0 

0.0 

5.1 

F 

0.3 

1.0 

0.4 

0.1 

0.0 

1.8 

Total 

M 

26.8 

30.1 

2.9 

1.0 

0.4 

61.2 

F 

19.3 

33.6 

5.8 

2.2 

0.5 

61.4 

Cameron  (1986)  determined  HMX  in  terminal  plasma  samples  collected  at  2 
min  and  24  hr  following  i.v.  administration  to  male  and  female  rats.  Eluate 
was  collected  from  the  HPLC  column  at  the  retention  time  of  authentic  ^^C-HMX 
to  assess  HHX  radioactivity  as  a  percent  of  total  plasma  radioactivity.  At  2 
min  post-dose,  87  to  98  percent  of  plasma  radioactivity  was  unchanged  HMX, 
amounting  to  0.7  to  1.9  ug/ml,  whereas  at  24  hr,  only  10  to  14  percent  of  the 
circulating  radioactivity  was  HMX,  corresponding  to  about  0.02  Mg/ml,  which 
is  near  the  limit  of  sensitivity  of  the  HPLC  method  used.  When  twenty-four  hr 
plasma  samples  were  extracted  with  methanol,  in  an  effort  to  improve  the 
extractabi 1 ity,  it  was  found  that  most  of  the  small  amount  of  radioactivity 
present  was  associated  with  the  precipitated  protein  fraction.  Thus  much  of 
this  radioactivity  may  be  strongly  bound  or  incorporated  into  plasma  protein. 


11 


Distribution  of  ^^C-HMX  and  polar  metabolite  following  a  single  l.v. 
dose  was  studied  by  Cameron  (1986).  Selected  tissues  from  male  and  female 
rats  sacrificed  at  2  min.  24  hr,  and  96  hr  post-dose  were  pooled  and  extracted 
with  homogenization  In  methanol  and  prepared  for  HPLC  analysis.  The  metabolic 
profile  of  each  sample,  with  the  exception  of  the  2  min  liver  extracts, 
contained  only  HMX  and/or  the  polar  component.  In  2  min  liver  extracts,  a 
further,  minor,  component  was  observed  with  retention  characteristics  close  to 
those  of  HMX.  The  polar  material  displayed  properties  similar  to  those  of  the 
polar  component  Identified  In  urine  samples.  Distribution  of  ^^C-HMX  and  the 
polar  component  Is  presented  In  Table  5.  At  2  min  almost  all  the 
radioactivity  was  present  as  unchanged  HMX,  except  In  liver  samples,  where 
about  30  percent  was  present  as  the  polar  material.  Levels  of  radioactivity 
were  much  lower  In  later  samples,  and  some  samples  could  not  be  assessed  for 
this  reason.  There  was  In  general  a  much  higher  proportion  of  the  polar 
component  In  later  samples,  especially  In  liver  tissue. 


Table  5.  Levels  of  HMX  and  polar  metabolite  In  tissues  of  rats  at  2  min,  24 
hrs,  and  96  hrs  following  l.v.  administration  of  14C-HHX  (2  mg/Xg). 

Sample  Percent  Percent  as 

as  HMX  polar  metabolite 


Male 

Female 

Male 

Female 

2  min 

Liver 

62.0 

45.7 

28.8 

39.1 

Lung 

97.5 

97.2 

0.3 

0.6 

Kidney 

82.1 

88.8 

1.1 

10.4 

Brain 

93.8 

65.3 

1.2 

4.9 

Skeletal  muscle 

88.2 

88.3 

0.8 

1.7 

24  hr 

Liver 

0 

0 

88.7 

55.0 

Heart 

52.9 

20.7 

* 

Kidney 

33.1 

43.7 

34.6 

21.4 

96  hr 

Liver 

* 

0 

n 

63.4 

0  -  undetectable;  *  -  not  reported 


No  unusual  sites  of  accumulation  or  retention  were  Identified.  The 
great  Increase  in  the  proportion  of  metabolites  with  time  suggests  that  there 
Is  a  more  rapid  removal  of  ^^C-HMX  than  of  the  metabolites.  It  Is  clear, 
however,  from  the  fact  that  ^^C02  Is  produced,  that  both  ring  cleavage  and 
further  degradation  of  ^^C-HMX  occur.  The  possibility  thus  exists  that  some 
may  have  been  1r 


Incorporated  Into  body  tissues  as  natural  products. 


Because  the  primary  toxic  effect  of  HMX,  cardiovascular  depression,  Is 
characteristic  of  nitrite  toxicity,  the  cleavage  of  N02  groups  may  be 
Indicated  (Ryon  and  Pal,  1984).  Yet  It  appears  that  methemoglobln  Is  not 
formed  (McNamara,  1974).  Craig  and  Done  (1985)  looked  for  nitrite  In  the 
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stomach  contents  of  mice  fed  HMX.  Traces  were  found  but  were  not  related  to 
the  HMX  content  of  the  diet. 


4.  HUMAN  HEALTH  EFFECTS 


Hathaway  and  Buck  (1977)  conducted  an  epidemiologic  study  of  RDX/HMX 
workers  at  Holston  AAP.  The  subjects  were  exposed  occupationally  to  airborne 
concentrations  of  RDX  up  to  1.57  mg/m^.  HMX  was  known  to  be  present  as  well, 
and  of  a  total  of  69  exposed  subjects  24  were  known  to  be  exposed  to  both 
compounds.  Testing  for  a  number  of  hematologic  and  biochemical  parameters 
failed  to  reveal  any  evidence  of  adverse  health  effects,  in  comparison  to  a 
control  group. 

Sunderman  (1944)  performed  patch  tests  on  volunteer  workers  who  were 
occupationally  exposed  to  RDX,  HMX,  and  other  components  of  the  Bachman 
reaction.  Small  amounts  of  dried  HMX  powder  were  placed  on  7/8"  X  1"  patches 
of  muslin  and  applied  to  the  upper  arm  beneath  the  axilla  for  5  days.  The 
patches  were  then  removed  and,  after  an  additional  10  days,  were  reapplied  at 
the  same  site  for  a  period  of  2  days.  In  one  individual,  who  kept  his  patch 
in  place  for  8  days,  several  papules  and  a  small  vesicle  were  observed.  No 
lesions  were  noted  among  the  four  individuals  on  whom  the  patches  were 
reapplied  after  a  period  of  10  days. 

A  group  of  volunteers  at  the  Philadelphia  Navy  Yard,  who  had  not 
previously  been  working  with  RDX  or  HMX,  was  tested  in  a  similar  manner,  i.e., 
5  days  on,  10  days  off,  and  a  second  application  in  place  for  2  days.  There 
were  95  persons:  48  men  and  47  women.  Of  these,  6  men  and  6  women  gave 
positive  responses  to  the  first  application  and  5  men  and  6  women  to  the 
second.  With  two  exceptions,  the  reactions  consisted  of  minimal  erythematous 
macular  and  papular' lesions  and  were  interpreted  as  most  probably  due  to 
primary  irritation.  In  two  women,  marked  erythematous  papules  or  papular 
eruptions  occurred,  in  one  case  after  the  second  application  and  in  the  other 
after  both  first  and  second  applications.  In  the  latter  individual  there  was 
a  history  of  mild  attacks  of  hay  fever.  The  results  in  these  two  persons  were 
interpreted  as  a  true  sensitivity  response. 

In  a  further  experiment,  Sunderman  (1944)  patch-tested  four  subjects  who 
had  previously  shown  a  sensitivity  to  the  fumes  from  the  Bachman  reaction. 

HMX  was  applied  with  gauze  pads  soaked  in  a  saturated  acetone  solution  of  the 
compound.  The  patches  were  applied  for  5  days;  6  days  after  removal,  fresh 
pads  were  applied  for  2  days.  There  were  no  positive  responses  before  the 
second  application,  when  one  subject  developed  a  simple  erythema  at  the  site. 
The  absence  of  any  marked  or  unusual  response  on  patch  testing  of  individuals 
who  had  a  history  of  skin  lesions  associated  with  exposure  to  the  Bachman 
reaction  led  Sunderman  to  infer  that  such  lesions  were  not  due  to  the  solid 
components,  including  HMX,  that  they  tested. 
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5.  ACUTE  TOXIC  EFFECTS  IN  ANIMALS 


ORAL  EXPOSURE 

Kagan  et  a1.  (1975)  reported  acute  oral  LD50  values  for  HMX.  These  were 
1500  mg/kg  for  mice  and  300  mg/kg  for  guinea  pigs.  Although  no  LD50  was 
reported  for  rats.  3  of  ten  animals  died  within  40  days  at  a  dose  level  of  100 
mg/kg/day. 

During  the  recent  studies  on  mammalian  toxicology  of  HMX  at  Inveresk 
Research  International  (Cuthbert,  1985),  six  groups  of  Fischer  344  rats  (5 
males  and  5  females  per  group)  were  dosed  once  by  gavage  with  freshly  prepared 
suspensions  of  HMX  in  0.5  percent  low-viscosity  carboxymethylcellulose  (CMC), 
at  a  constant  dose  volume  of  20  ml/kg.  Mean  body  weight  at  dosing  was  183  g 
for  males  and  131  g  for  females.  Dose  levels  received  by  the  respective 
groups  were  chosen  on  the  basis  of  a  range-finding  study  in  which  two  animals 
were  used  at  each  of  5  doses.  Doses  chosen  for  the  main  study  were  equivalent 
to  0  (control),  2,421,  3,632,  5,447,  8,187,  and  12,256  mg  dry  HMX/kg.  Animals 
were  observed  twice  daily  for  14  days,  and  at  death  or  termination  gross  post 
mortem  examination  was  performed. 

Mortality  was  0/10,  0/10,  4/10,  8/10,  and  10/10  in  the  five  experimental 
groups,  respectively.  There  were  no  deaths  in  the  control  group.  Oral  LD50S 
(with  95  percent  confidence  limits)  were  calculated  by  the  probit  method  to 
be: 

males  -  5.51  (5.02-5.93)  g/kg 
females  -  6.44  (5.84-7.05)  g/kg 
combined-  6.25  (5.85-6.65)  g/kg 

Clinical  signs  included  piloerection  and  ataxia,  and  both  hyperkinesia 
and  hypokinesia  were  noted.  Post  mortem  observations  included  white  fluid  in 
the  stomach  and  intestinal  tract,  pale  kidneys,  and  abnormally  pink  lungs. 
There  were  no  clinical  signs  or  post  mortem  abnormalities  in  the  control 
group. 


A  similar  study  was  done  by  Cuthbert  (1985)  using  mice  (B6C3F1,  mean 
weight  for  males  22  g  and  for  females,  18.5  g).  The  method  of  dosing  was  the 
same  as  for  the  rats  (above),  with  a  constant  dosing  volume  of  20  mL/kg. 
Groups  of  5  animals  of  each  sex  were  given,  respectively,  0,  956,  1,626, 
2,764,  4,699,  and  7,988  mg/kg  HMX,  dry  weight  basis.  As  in  the  rat 
experiment,  the  doses  were  chosen  following  a  small  range-finding  experiment. 
The  mice  were  observed  twice  daily  for  14  days,  and  at  death  or  termination 
were  subjected  to  gross  post  mortem  examination. 

Mortality  was,  respectively,  in  males,  0/5,  4/5,  5/5,  5/5,  5/5,  and  in 
females,  0/5,  0/5,  0/5,  5/5,  5/5.  Oral  LD50  values  were  calculated  as: 

Males  -  1.67  (1.44-1.89)  g/kg/day 

Females  -  3.24  (2.92-3.57)  g/kg/day 

Combined  -  2.30  (2.11-2.50)  g/kg/day 
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Clinical  signs  Included  plloerectlon.  soiled  coat,  hyperkinesia,  hypokinesia, 
ataxia,  sedation,  and  swollen  penis.  Post  mortem  observations  included  white 
fluid  filling  the  stomach  and  Intestinal  tract,  gut  contents  fluid  or  gut 
filled  with  blood,  stomach  wall  white,  and  lungs  red.  There  were  no  clinical 
signs  nor  post  mortem  abnormalities  In  the  control  group. 

An  assessment  of  the  acute  oral  toxicity  of  HMX  was  also  performed  In  New 
Zealand  White  rabbits  (Cuthbert,  1985).  Mean  body  weight  was  2.95  kg  for 
males  and  2.82  kg  In  females.  The  animals  were  dosed  once  by  means  of  a 
rubber  catheter  with  a  freshly  prepared  suspension  of  HMX  In 
carboxymethylcellulose  at  a  constant  dose  volume  of  10  mL/kg.  One  animal  of 
each  sex  was  dosed  at  each  of  the  following  levels:  50,  100,  250,  428.5, 

1000,  and  2000  mg  dry  HMX/kg  body  weight.  The  rabbits  were  observed  twice 
dally  for  14  days.  At  death  or  termination  each  was  subjected  to  a  gross  post 
mortem  examination.  Mortality  was  1/2  In  each  of  the  two  lowest  dose  groups 
and  2/2  In  the  remaining  groups.  Because  of  the  small  numbers,  LO50  was  not 
calculated.  Clinical  signs  Included  hyperkinesia,  hypokinesia,  and  clonic 
convulsions,  with  both  miosis  and  mydriasis  being  reported.  Post  mortem 
observations  Included  Irregular  reddening  on  lungs,  mottled  or  pale  kidneys, 
and  fluid  plus  particulate  material  In  the  thoracic  cavity. 


INTRAVENOUS  EXPOSURE 

The  effect  of  l.v.  administration  of  HMX  Is  circulatory  system  collapse, 
with  delayed  central  nervous  system  disturbances  -  hyperactivity  and 
convulsions  (McNamara  et  al.  1974,  Ryon  et  al.  1984). 

McNamara  et  a1.(1974)  Injected  HMX  (lOt  In  OMSO)  Into  the  caudal  veins 
of  20*g  mice,  at  dose  levels  of  15,  25,  30,  35,  and  50  mg/kg,  using  six 
animals  per  dose.  They  were  observed  for  4  hrs  and  dally  for  30  days.  The 
LD50  was  calculated  to  be  28.9  (25.1-33.3)  mg/kg.  In  comparison  to  18.7  mg/kg 
for  RDX  in  the  same  experiment.  Deaths  occurred  In  5  to  10  min  and  were 
preceded  by  mild  convulsions  and  labored  breathing.  Survivors  were  lethargic 
for  several  hours  but  appeared  normal  at  24  hr. 

Solutions  of  HMX  and  RDX  (separately),  33  percent  wt/vol  In  DMSO,  were 
given  to  guinea  pigs  l.v.,  two  animals  per  dose  (McNamara  et  al.,  1974).  The 
LD50  was  calculated  to  be  28.2  (20-39.8)  mg/kg  for  HMX,  compared  to  25.1  mg/kg 
for  RDX.  Death  occurred  within  five  min,  preceded  by  convulsions  and 
prostration.  There  were  no  clinical  signs  In  control  animals,  receiving  DMSO 
alone. 


Acute  Intravenous  toxicity  of  HMX  was  assessed  by  Cuthbert  (1985)  In 
rats  and  rabbits.  Fischer  344  rats  were  used  In  groups  of  five  males  and  five 
females  per  dose  level,  the  doses  being  chosen  following  a  small  range-finding 
experiment.  Animals  were  dosed  once  with  fresh,  filtered  DMSO  solutions  of 
HMX  at  a  constant  concentration  of  250  mg/mL.  Dose  levels  were  15,  19.5,  25, 
32.5,  and  42.5  mg/kg  (males)  and  30,  45,  67.25,  101.5,  and  152.5  mg/kg 
(females).  Control  groups  received  vehicle  only.  Animals  were  observed  for 
14  days,  and  all  were  subjected  to  gross  post  mortem  examination 
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The  intravenous  LO50S  were  calculated  by  the  method  of  probit  analysis 


to  be: 


Males  -  25.13  (23.04-27.41)  mg/kg 
Females  -  38.08  (32.25-43.91)  mg/kg 

Clinical  signs  included  hyperkinesia.  Increased  regular  breathing, 
vocalization,  clonic  convulsions,  paralysis  of  the  hind  limbs,  and  coma.  Post 
mortem  findings  included  red  foci  and  dark  red  patches  on  all  lung  lobes. 

There  were  neither  deaths,  clinical  signs,  nor  abnormalities  post  mortem  in 
the  control  group. 

In  the  rabbit  experiment,  a  dose-ranging  study,  Cuthbert  et  a1.  (1985) 
used  animals  of  the  New  Zealand  White  strain,  weighing  on  average  3.0  kg 
(males)  or  3.11  kg  (females).  The  test  substance  was  given  in  fresh,  filtered 
OMSO  solution,  at  varying  concentrations  and  volumes.  One  male  and  one  female 
rabbit  were  used  in  each  of  seven  dosage  groups:  1.0,  and  10  mg/kg  at  a 
concentration  of  50  mg  HMX/mL  DMSO;  and  5,  10,  12.5,  15,  and  20  mg/kg  at  250 
mg  HMX/mL  DMSO.  Controls  received  DMSO  only.  The  animals  were  observed  for 
14  days,  and  all  were  subjected  to  gross  post  mortem  examination.  In  this,  as 
in  the  foregoing  experiment  using  rats,  deaths  occurred  almost  immediately 
after  dosing.  Mortality  was  0/2  and  2/2,  respectively,  in  the  two  pairs  dosed 
with  solution  at  50  mg  HMX/mL  and  was  0/2,  0/2,  1/2,  2/2,  and  2/2, 
respectively  in  the  five  pairs  dosed  with  250  mg/mL  solution.  Thus  the 
intravenous  LD50  was  in  the  range  10-15  mg/kg.  Clinical  signs  included 
hyperkinesia,  aggression,  vocalization,  difficult  breathing,  prostration, 
immobility,  slight  epistaxis,  dyspnea,  and  clonic  convulsions.  No 
abnormalities  were  detected  post  mortem.  There  were  no  deaths  or  clinical 
signs  in  the  control  pair. 

A  study  was  performed  by  McNamara  et  al.  (1974)  to  assess  and  define  the 
effects  of  HMX  in  various  solvent  vehicles  on  physiologic  and  central  nervous 
system  function.  Beagle  dogs,  averaging  11.4  kg  were  used,  with  the  test 
substance  administered  in  each  of  three  solvents,  DMSO,  cyclohexanone,  and 
acetone.  Physiologic  parameters  monitored  included  EEG  (via  implanted 
electrodes),  EKG,  vital  signs,  reflexes,  clinical  signs,  and  responses  to 
various  stimuli. 

Six  animals  were  given  40  mg/kg  HMX  as  a  33  percent  (wt/vol)  solution  in 
DMSO;  in  two  of  these  the  dose  was  divided  into  two  20  mg/kg  doses  30  min 
apart.  In  the  four  receiving  single  doses,  a  severe  cardiovascular  collapse 
occurred,  with  narrow  pulse  pressure,  bradycardia,  and  respiratory 
alterations.  The  EEGs  were  characterized  by  high-voltage,  low-frequency 
discharges.  Two  animals  died  within  3  min;  the  remaining  two  survived  the 
circulatory  collapse  but  died  at  14*/-2  hr.  The  two  divided-dose  animals  also 
showed  severe  cardiovascular  depression.  One  died  in  1  min,  while  the  other 
showed  epileptic-like  EEG  and  muscle  movements,  hyperactivity,  vomiting,  and 
extreme  sensitivity  to  light  and  stroke  stimuli,  and  died  in  about  14  hr. 
Vehicle  controls  showed  that  the  results  were  not  explainable  by  the  exposure 
to  DMSO. 
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Two  dogs  each  received  a  dose  of  20  rng/kg  HMX  (33  percent  In  DMSO).  In 
one,  hyperref lexia  occurred  at  2  hr,  convulsive  seizures  and  hyperactivity  at 
5  hr,  and  recovery  at  about  5  days.  In  the  second  animal,  from  which  the 
restrainer  had  been  removed,  rapid  breathing  and  hyperpnea,  cyanosis, 
retching,  salivation,  faint  pulse,  and  prostration  were  observed  within  the 
first  23  min.  At  3  to  3  1/2  hr,  labored  breathing,  subconvulsive  jerking  in 
response  to  auditory  stimuli,  and  then  clonic-tonic  convulsions  and 
opisthotonus  occurred.  Death  occurred  at  12-17  hr. 

Several  dogs  received  HMX  in  vehicles  other  than  DMSO,  the  doses  being 
smaller  because  of  the  lower  solubility.  Doses  of  2.5  mg/kg  and  6.75  mg/kg  in 
acetone  were  given,  the  larger  producing  a  blood  pressure  drop,  high-voltage 
low-frequency  EEG  discharges,  and  depressed  respiratory  rate.  A  dose  of  3.1 
mg/kg  in  cyclohexanone  produced  cardiovascular  collapse,  tremors,  and  a 
comalike  state.  All  of  these  animals  fully  recovered. 


DERMAL  TOXICITY 

A  study  of  the  acute  dermal  toxicity  of  HMX  in  rats  and  rabbits  was 
performed  by  Cuthbert  et  al.  (1985).  Eight  Fischer  344  rats  of  each  sex  were 
used,  averaging  196  g.  The  dorsal  surface  of  the  trunk  was  shaved  and  abraded 
with  a  lancet,  in  such  a  way  as  to  penetrate  the  stratum  corneum  but  not  the 
epidermis.  Freshly  prepared  HMX,  600  mg/mL  in  physiological  saline,  was 
applied  on  a  piece  of  gauze  that  covered  approximately  10  percent  of  the 
animal's  body  (actual  measurement  of  treated  area  not  stated).  The  dose  was 
equivalent  to  4.23  g  HMX/kg.  The  gauze  was  covered  by  an  impervious  material 
for  24  hr,  after  which  it  was  removed  and  any  remaining  test  material  wiped 
off.  Rats  were  observed  for  14  days  and  were  weighed  at  7  days  and  at 
termination.  Gross  post  mortem  examinations  were  performed.  There  were  no 
deaths  and  no  abnormalities  at  post  mortem  in  treated  or  control  groups.  No 
abnormalities  were  noted  on  histopathological  examination  of 
haematoxylin/eosin-stained  sections  of  treated  skin.  Therefore  the 
percutaneous  LD50  is  in  excess  of  4.23  g/kg  in  these  animals. 

A  similar  lack  of  sensitivity  to  HMX  applied  topically  was  reported  in 
guinea  pigs  by  McNamara  et  al.  (1974).  HMX  (33  percent  wt/vol)  was  applied  to 
the  clipped  backs  of  the  animals  at  doses  from  316  to  3000  mg/kg  (four  animals 
per  dose;  size  of  skin  area  used  not  stated).  Slight  erythema  was  noted  at 
doses  of  1000  mg/kg  and  above,  but  only  at  the  highest  dose,  which  consisted 
of  three  applications  of  1000  mg/kg  each,  were  any  non-local ized  effects 
noted.  These  were  apprehension  and  loss  of  weight. 

Cuthbert  et  al.  (1985)  also  studied  the  acute  dermal  toxicity  of  HMX  in 
New  Zealand  White  rabbits,  mean  body  weight:  males  3.13  kg,  females  3.08  kg. 

In  this  study  both  abraded  and  non-abraded  skin  was  treated,  and  the  test 
article  was  applied  in  1  percent  carboxymethylcellulose.  Animals  were 
assigned  to  8  test  groups,  each  with  4  males  and  4  females.  Two  test  groups, 
abraded  and  non-abraded,  were  treated  at  each  of  4  dose  levels  chosen  on  the 
basis  of  a  smaller  dose-ranging  experiment.  The  treatment  levels  were  168, 
372,  816,  and  1788  mg/kg  (size  of  skin  area  used  not  stated). 
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The  percutaneous  LO50S  and  95  percent  confidence  Intervals  in  rabbits 
were  calculated  to  be: 


Hale,  non-abraded 
Male,  abraded 
Female,  non-abraded 
Female,  abraded 
Combined 


634  (532-736)  mg/kg 
674  (562-785)  mg/kg 
719  (596-842)  mg/kg 
1337  (415-1759)  mg/kg 
982  (861-1103)  mg/kg 


Clinical  signs  observed  at  the  lower  dose  levels  (168  and  372  mg/kg) 
included  hyperkinesia,  hypokinesia,  miosis  and  mydriasis,  clonic  convulsions, 
aggressiveness,  and  stiffness/paralysis  of  hind  limbs.  At  the  highest  dose 
level,  breathing  difficulty,  cyanosis,  and  prostration  were  also  observed. 

The  clinical  signs  tended  to  be  oelayed  in  onset,  while  the  convulsions  and 
behavioral  effects  clearly  bespeak  a  CNS  effect. 


Histopathological  findings  at  the  lower  dose  levels  were: 

Liver  -  Congestion,  eosinophilic  cytoplasm, 
centri lobular  necrosis  (one  case) 
kidney  -  Chronic  nephropathy 
Lung  -  Alveolar  exudate,  alveolar  degeneration 
(one  case). 

Spleen  -  Red  pulp  depletion  (one  case) 

In  addition,  at  the  higher  dose  levels,  white  pulp  depletion  of  the  spleen  was 
recorded  in  10  of  the  32  animals.  Alveolar  hemorrhage  was  found  in  15  of  32, 
as  compared  to  1  of  16  in  the  control  groups.  Renal  congestion  was  also 
commonly  found  at  the  two  higher  dose  levels.  Increased  hepatic  cellularity 
was  noted  in  two  animals  at  the  highest  dose  level.  The  histopathological 
findings  did  not  identify  any  specific  cause  for  either  the  observed  clinical 
signs  or  the  mortality  in  these  animals. 


EYE  IRRITATION 

Eye  irritation  tests  on  HMX,  both  in  distilled  water  and  as  a  dry 
powder,  were  performed  by  Cuthbert  et  al.  (1985).  To  test  the  material  in  the 
wet  form,  0.1  mL  of  the  preparation,  60  percent  HMX  in  water,  was  instilled 
into  the  right  eye  of  each  of  three  male  and  three  female  New  Zealand  White 
rabbits,  weighing  2. 5-3.0  kg.  Left  eyes  served  as  controls.  Ocular  reaction 
was  scored  at  1  hr  and  24  hr  and  at  2,  3,  and  7  days,  using  an  FDA-recommended 
•scoring  system.  No  positive  responses  of  the  cornea  or  iris  were  noted. 

Slight  redness  of  the  conjunctiva,  2/6  treated  eyes  at  1  hr,  1/6  at  7  days, 
was  observed;  5/6  eyes  were  normal  at  24  hr.  When  the  same  experimental 
protocol  was  followed  with  500  mg  of  dried  powder,  there  were  again  no  corneal 
or  iridial  responses.  All  animals  showed  slight  redness  of  the  conjunctiva  at 
1  hr,  and  2/6  animals  at  24  hr.  Two  rabbits  showed  mild  conjunctival 
chemosis.  All  eyes  were  normal  at  2  days.  These  results  indicate  that  HMX, 
whether  wet  or  as  a  powder,  is  not  an  eye  irritant. 
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6.  SUBCHRONIC  AND  CHRONIC  TOXIC  EFFECTS 


ORAL  TOXICITY 

To  study  the  subacute  toxicity  of  HMX  and  to  identify  suitable  dose 
levels  for  planned  chronic  (13-week)  feeding  studies,  14-day  studies  in  rats 
and  mice  were  carried  out  at  Inveresk  Research  International  (Greenough  and 
McDonald,  1985a, b). 

Fischer  344  rats  were  fed  diets  delivering  nominal  doses  of  0,  333, 

1000,  3000,  and  9000  mg  HMX/kg/day,  six  animals  per  sex  per  dose  (Greenough 
and  McDonald,  1985a).  There  were  13  deaths,  11  of  which  were  in  the  highest 
dose  group.  There  were  marked  reductions  in  food  consumption  and  weight  gain, 
which  tended  to  be  dose-related.  The  highest-dose  male  group  and  the  three 
high-dose  female  groups  weighed  less  at  the  end  of  the  two-week  dosing  period 
than  at  the  start.  Clinical  signs  included  emaciation,  hunched  posture, 
hyperkinesia,  and  pi loerection.  One  convulsive  episode  occurred  among  the 
high-dose  females.  Histopathological  examination,  performed  on  all  control 
and  highest-dose  animals,  revealed  centri lobular  degeneration  in  livers  of 
male  animals  and  hepatocyte  hyperplasia  an'*  c.>..inophi  1  ia  in  females.  In 
females  receiving  the  highest  dose,  therw  was  depletion  of  lymphocytes  in  the 
thymus  and  spleen  and  depletion  of  red  and  white  pulp  in  the  spleen.  These 
females  also  had  smaller  than  normal  spleens  and  enlarged  adrenals.  Absolute 
liver  and  kidney  weights  were  reduced  in  all  treated  groups.  Relative  liver 
weights  were  reduced  in  males,  while  relative  kidney  weights  were  increased 
for  both  sexes.  It  is  likely  that  much  of  the  drop  in  food  consumption  and 
weight  gain  was  due  to  unpalatabi 1 ity  of  the  feed,  which  also  made  the  actual 
achieved  doses  somewhat  erratic  and  the  organ  weight  data  difficult  to 
interpret.  The  histopathological  findings  indicate  the  liver  to  be  a  target 
organ  for  HMX  effects. 

In  the  14-day  feeding  study  in  B6C3F1  mice  (Greenough  and  McDonald, 
1985b),  males  were  fed  HMX  in  the  diets:  six  animals  were  used  at  each 
indicated  dose  level.  Mortality  was  distributed  as  follows: 

Nominal  dose  -  Males  -  -  Females  - 

mg/kg/day  0  100  300  900  2700  0  320  800  2000  5000 

t  Mortality  0  0  83  100  100  0  0  33  67  100 

Clinical  signs  noted  in  treated  animals  were  similar  to  those  in  the  rat 
study:  pi loerection,  hunched  posture,  emaciation,  and  hyperkinesia.  There 
were  two  convulsions  observed  in  the  300  mg/kg/day  group.  Adverse  effects  on 
food  consumption  and  weight  gain  were  seen  but  were  much  less  pronounced  than 
in  the  rat  study.  Absolute  organ  weights  were  similar  in  treated  and  control 
groups.  Histopathological  examination  of  the  premature  decedents  in  the 
treated  groups  showed  dose-related  increase  in  hepatocellular  hyperplasia  and 
eosinophi 1 ia,  splenic  red  and  white  pulp  cellular  depletion,  and  thymic 
cellular  depletion.  There  were  no  sex  differences  in  the  histopathological 
findings. 
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The  two-week  feeding  studies  were  followed  by  13-week  studies  in  both 
rats  and  mice.  In  the  rat  study  (Everett  et  al.,  1985),  five  groups  of  20 
male  and  20  female  Fischer  344  rats  were  given  diets  calculated  to  provide  the 
following  dose  levels:  for  males,  50,  150,  450,  1350,  and  4000  mg/kg/day  and 
for  females,  50,  115,  270,  620,  and  1500  mg/kg/day. 

There  were  only  three  premature  decedents,  including  one  control  animal 
and  one  receiving  only  150  mg/kg/day.  No  clinical  signs  were  noted  that  could 
be  attributed  to  HMX  feeding.  There  was  a  dose-related  reduction  in  mean  body 
weight,  attributed  in  part  to  low  palatability  of  the  dosed  feed.  Both  food 
consumption  and  weight  gain  improved  in  the  latter  weeks  of  the  test. 

Hematological  examination  of  high-dose  males  (4000  mg/kg/day)  and 
females  (1500  mg/kg/day)  in  the  fifth  and  twelfth  weeks  revealed  statistically 
significant  decreases  in  hemoglobin  and  hematocrit  (P  less  than  0.001)  in  both 
sexes  and  increased  methemoglobin  (significant  in  males,  P  less  than  0.05). 
While  apparently  due  to  HMX  exposure,  these  changes  were  quite  small  and  not 
likely  to  be  of  much  health  significance.  Neutrophils  and  total  WBC  were 
significantly  increased  in  females  at  12  weeks,  though  the  relation  of  this  to 
HMX  exposure  is  uncertain. 

Clinical  chemistry  results  from  highest-dose  groups  in  weeks  5  and  12 
showed  considerable  difference  between  the  sexes  (Table  6).  Alkaline 
phosphatase  (AP)  levels  were  increased  in  males  (P  less  than  0.001  in  week  12) 
but  only  to  a  much  lesser  extent  in  females.  Males  also  showed  reduced 
alanine  aminotransferase  (P  less  than  0.01  in  week  5).  Blood  urea  N  (BUN)  and 
total  protein  were  increased  in  high-dose  females  (P  less  than  0.05  in  week  5, 
0.001  in  week  12).  Albumin  was  significantly  increased  in  both  sexes. 

Urinalyses  were  also  carried  out  in  the  fifth  and  twelfth  weeks,  on 
samples  from  the  highest-dose  group  of  each  sex  (Table  7).  In  the  females 
there  was  a  reduced  pH  and  specific  gravity  with  a  corresponding  increase  in 
urinary  volume.  These  changes  were  essentially  lacking  in  males.  In  the  week 
12  samples  from  both  sexes,  fern-like  crystals  were  noted. 

When  significant  body  weight  effects  are  seen,  it  is  difficult  to 
interpret  organ  weight  differences,  either  absolute  or  relative.  Thus  the 
meaning  of  the  minor  changes  in  testis,  adrenal,  spleen,  and  ovary  weights  is 
questionable. 

Examination  of  all  major  organs  revealed  only  two  types  of 
histopathological  lesion  that  were  dose-related  and  attributable  to  HMX 
dosing.  Toxic  change  in  the  liver  was  characterized  by  enlarged  cells,  mainly 
in  centrilobular  areas,  with  large,  pale  nuclei  and  dark,  granular, 
eosinophilic  cytoplasm.  Sometimes  there  were  dilation  of  sinusoids  and  small 
foci  of  necrosis.  This  liver  pathology  was  far  more  prevalent  in  males  - 
almost  all  males  receiving  450  mg/kg/day  or  above  -  than  in  females  (only  one 
animal,  receiving  270  mg/kg/day).  Toxic  change  in  the  kidney  was 
characterized  by  focal  atrophy  and  dilation  of  the  tubules.  This  condition 
was  prevalent  in  females,  while  in  males  it  was  no  more  frequent  than  in 
control  animals. 
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Table  6.  13-Week  dietary  toxicity  study  in  Fischer  344  rats  (Everett  et 
a1.  1985);  clinical  chemistry  results  from  control  and  high-dose  animals 
(males  -  4000  mg/kg/day,  females  -  1500  mg/kg/day).  All  values  based  on  10 
individuals. 


Test  Males  Females 


1 

week. 

Control 
mean  S.D. 

Treated 
mean  S.D. 

Control 
mean  S.D. 

Treated 
mean  S.D. 

BUN  (mnol/L) 

5 

6.4 

0.8 

6.5 

1.0 

6.3 

0.8 

7.2 

1.0* 

12 

6.4 

0.4 

6.7 

0.9 

6.5 

0.8 

7.7  C 

1.5*** 

Glu  (mmol/L) 

5 

8.14 

0.78 

7.72 

0.71 

7.97 

0.58 

7.98 

0.61 

12 

8.32 

1.36 

7.73 

0.52 

8.25 

1.19 

7.86 

0.96 

AST  (lU/L) 

5 

83 

5 

78 

7 

77 

8 

82 

5 

12 

122 

27 

104 

21 

90 

23 

84 

20 

ALT  (lU/L) 

5 

72 

7 

63 

6** 

56 

7 

59 

5 

12 

65 

19 

48 

23 

62 

34 

57 

11 

AP  (lU/L) 

5 

712 

85 

840 

64»* 

635 

52 

676 

73 

12 

213 

18 

415 

102*** 

467 

80 

553 

61* 

LDH  (lU/L) 

5 

357 

85 

417 

164 

261 

46 

254 

60 

12 

278 

65 

286 

119 

470 

126 

417 

174 

Na,  mmol/L 

5 

146 

2 

147 

3 

145 

2 

146 

2 

12 

145 

3 

147 

4 

144 

1 

146 

2** 

K,  innol/L 

5 

4.2 

0.4 

4.1 

0.3 

4.3 

0.3 

4.3 

0.3 

12 

4.3 

0.3 

4.0 

0.3* 

4.6 

0.4 

4.8 

0.6 

Tot.prot. ,g/L 

5 

62 

2 

63 

2 

59 

2 

62 

2* 

12 

70 

2 

69 

2 

61 

2 

64 

1*** 

Alb.,  g/L 

5 

37 

1 

39 

1*** 

34 

2 

36 

1* 

12 

41 

1 

42 

1* 

37 

1 

40 

1*** 

*  Statistically  different  from  control,  P  less  than  0.05;  **,  P  less  than 
0.01;  **»,  P  less  than  0.001 


It  is  probable  that  the  increase  in  AP  was  associated  with  the  toxic 
liver  lesions,  both  being  more  prevalent  in  males  than  females.  Similarly  the 
increase  in  BUN  may  be  associated  with  renal  damage,  both  far  more  prevalent 
in  female  rats.  Increases  in  albumin  and  total  protein  may  also  be  linked  to 
kidney  and  liver  damage.  The  increased  urinary  volume,  with  lowered  specific 
gravity,  and  decreased  urinary  pH  found  in  high-dose  females  might  be 
anticipated  in  view  of  the  renal  histopathology  present  in  these  animals. 

Since  neither  of  these  effects  was  present  in  males,  a  difference  between  the 
sexes  Is'  suggested  in  their  response  to  HMX.  Different  target  organs  in  males 
and  females  could  reflect  a  difference  in  the  metabolism  of  HMX.  There  was  no 
evidence  of  toxic  liver  change  in  male  rats  at  50  mg/kg/day  or  of  renal 
effects  in  female  rats  at  115  mg/kg/day  or  less. 

In  the  13-week  feeding  studies  in  B6C3F1  mice  (Everett  and  Maddock, 
1985),  six  groups  of  20  male  and  20  female  animals  were  fed  diets  calculated 
to  deliver  the  following  dose  levels:  for  males,  0,  5,  12,  30,  75,  and  200 
mg/kg/day  and  for  females,  0,  10,  30,  90,  250,  and  750  mg/kg/day. 
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Table  7.  13-Weelc  dietary  toxicity  study  In  Fischer  344  rats:  urinalysis 
results  from  control  and  high-dose  animals  (males  -  4000  mg/kg/day,  females  - 
1500  mg/kg/day:  Everett  et  a1.,  1985). 

Hales  Females 
Test  Control  Treated  Control*  Treated 


.week 

mean 

S.D. 

mean 

S.D. 

mean 

S.D. 

mean  S.D. 

pH 

5 

8.8 

0.3 

8.6 

0.6 

8.7 

0.4 

7.3  1.4 

12 

8.7 

0.7 

8.1 

0.7 

8.1 

1.1 

6.6  0.5 

Spec.Grav. 

5 

1.054 

0.024 

1.060 

0.015 

1.061 

0.016 

1.038  0.023 

12 

1.049 

0.016 

1.049 

0.013 

1.051 

0.018 

1.019  0.004 

Volume  (ml) 

5 

0.8 

0.3 

0.7 

0.3 

0.5 

0.0 

1.5  0.9 

12 

1.0 

0.5 

1.0 

0.4 

0.6 

0.2 

2.7  1.1 

*  Female  control  derived  from  9  animals  (5  weeks),  8  at  12  weeks;  all  other 
values  based  on  10  individuals. 


Statistically  significant  mortality  occurred  only  In  the  200  mg/kg/day 
males  (13/20),  the  250  mg/kg/day  females  (12/20),  and  the  750  mg/kg/day 
females  (20/20).  However  ,  despite  the  substantial  mortality  levels,  little 
evidence  of  toxic  change  was  found  In  the  rather  thorough  investigation 
carried  out. 

Mice  In  the  two  highest  dose  groups  In  each  sex  appeared  slightly  more 
active  than  other  mice  during  the  final  two  weeks,  and  females  receiving  the 
highest  dose  were  more  excitable  and  jumpy  from  weeks  4  through  7.  No  other 
clinical  signs  were  noted  that  could  be  attributed  to  the  test  substance. 

Small  statistically  significant  Increases  in  body  weight  gain,  when  compared 
to  controls,  were  observed  In  male  mice  receiving  75  mg/kg/day  and  In  females 
receiving  30  or  250  mg/kg/day  during  portions  of  the  13-week  period.  Food 
consumption,  however,  was  reduced  In  75  mg/kg/day  males  (14  percent),  250 
mg/kg/day  males  (19  percent),  and  750  mg/kg/day  females  (9  percent). 

Hematology  studies  revealed  no  dose-related  trends  In  male  mice. 
Statistically  significant  differences  from  control  values  were  occasionally 
encountered,  e.g..  Increased  packed  cell  volume  In  the  30  and  75  mg/kg/day 
groups:  but  these  were  felt  by  the  authors  to  be  due  to  data  structure  and  not 
of  biological  significance.  A  slight  reduction  In  hemoglobin  and  slight 
Increases  In  WBC  and  lymphocyte  counts  were  seen  In  treated  females  at  the 
higher  dose  levels.  Heinz  body  preparations  were  negative. 

Clinical  chemistry  determinations  were  performed  on  blood  samples 
obtained  at  termination.  In  males  receiving  200  mg/kg/day,  levels  of  glucose 
and  alanine  aminotransferase  were  slightly  depressed,  as  was  the 
albumin/globulin  ratio  (A-GR).  Alkaline  phosphatase  levels  were  slightly 
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reduced  in  both  sexes  in  the  200-250  tng/kg/day  dose  range,  this  being 
statistically  significant  only  in  the  females.  In  male  mice,  BUN  and  A-GR 
showed  slight  downward  trends  and  statistically  significant  reductions  below 
control  values.  This  was  highly  significant  for  both  BUN  and  albumin  in  the 
75  mg/kg/day  group  groups,  though  all  values  fell  within  the  normal  range.  In 
female  mice  receiving  30  mg  HHX/kg/day,  a  statistically  significant  elevation 
in  albumin,  again  within  the  normal  range,  was  detected. 


Table  8.  Toxic  liver  and  kidney  changes  following  13-week  dietary 
administration  of  HMX  to  Fischer  344  rats. 


Dose 

mg/kg/da 

No.  of 
animals 

No.  with 
liver  effects 

No.  with 
kidney  effects 

Hales 

0 

20 

0 

3 

50 

20 

0 

0 

150 

19 

2 

0 

450 

20 

20 

0 

n'So 

20 

18 

2 

4000 

20 

20 

1 

Females 

0 

20 

0 

1 

so 

20 

0 

0 

115 

20 

0 

1 

270 

20 

1 

4 

620 

20 

0 

13 

1500 

19 

0 

10 

Urinalysis  was  performed  during  week  13.  In  males  there  was  a  downward 
trend  in  bot*'  volume  and  specific  gravity  of  the  urine,  and  this  was  evidenced 
in  both  the  7b  and  200  mg/kg/day  groups.  In  the  200  mg/kg/day  males,  urine 
was  more  acidic  (pH  6.9  as  compared  to  8.0).  A  slight  reduction  in  volume  was 
seen  in  the  90  and  250  mg/kg/day  female  groups.  There  were  no  surviving  mice 
available  for  urinalysis  in  the  750  mg/kg/day  female  group. 

A  slight  Increase  in  absolute  brain  weight  (P<0.001)  was  observed  in 
males  receiving  200  mg/kg/day.  This  was  observed,  without  statistical 
significance,  at  the  75  mg/kg/day  treatment  level.  Other  organ  weight  data 
from  males  (heart,  kidneys,  liver,  lung,  spleen,  testes)  showed  no  dose- 
related  trends,  although  there  was  a  statistically  significant  (P<0.01) 
reduction  in  relative  testis  weight  at  the  30  mg/kg/day  level.  Absolute  brain 
weight  was  increased  also  in  females  of  the  250  mg/kg/day  group  (P<0.01), 
while  absolute  and  relative  spleen  weight  was  reduced.  Study  of  the  organ 
weights  of  female  mice  receiving  750  mg/kg/day  could  not  readily  be  done 
because  most  were  found  dead,  allowing  autolytic  processes  to  commence  before 
autopsy. 
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Gross  pathology  and  histopathology  yielded  no  dose-related  findings. 
Three  animals,  in  low  or  intermediate  treatment  groups,  had  cysts  in  the 
brain,  and  one  in  the  spinal  cord;  but  these  were  not  thought  to  be  related  to 
HHX  exposure. 

None  of  the  clinical  or  laboratory  findings  was  sufficient  to  offer  a 
mechanism  for  the  mortality  observed  in  the  mice  receiving  doses  of  200  mg 
HHX/kg/day  or  greater. 


CUTANEOUS  EFFECTS 

McNamara  et  a1.  (1974)  applied  HMX  in  solvents  to  the  clipped  backs  of 
rabbits.  One-mi  and  0.1  ml  volumes  of  HMX,  33  percent  in  OMSO,  2.5  percent  in 
cyclohexanone,  or  2.0  percent  in  acetone,  were  applied  daily,  5  days/week  for 
4  weeks,  to  six  animals  for  each  solution.  There  was  no  gross  or  microscopic 
evidence  of  cutaneous  irritation  except  for  mild  desquamation  occurring  at  7 
days.  The  incidence  of  dermatitis,  determined  at  necropsy,  did  not  differ 
from  that  in  animals  serving  as  solvent  controls.  There  were  three  deaths  in 
the  1.0  ml  OMSO  solution  group,  although  hematology,  blood  chemistry,  and 
pathology  studies  produced  no  positive  findings. 

In  a  similar  experiment  in  dogs  (McNamara  et  a1.  1974),  10  ml  of  each 
solution  (as  above)  was  applied  to  the  clipped  backs  of  the  animals  daily,  5 
days/week  for  4  weeks.  Four  animals  received  the  OMSO  solution  (289  mg/kg  per 
application)  and  two  were  used  with  each  of  the  other  solvents.  Blood 
pressure,  heart  and  respiratory  rates,  EKG,  and  EEC,  as  well  as  motor  and 
neural  responses  to  a  battery  of  stimuli,  were  recorded  weekly.  No  consistent 
Increase  or  decrease  in  any  of  the  physiologic  parameters  was  noted.  There 
was  no  consistent  enhancement  or  blockage  detected  in  any  of  the  responses 
monitored.  During  weeks  2  and  3  there  was  slight  erythema  and  desquamation  of 
the  skin  on  the  back,  but  these  were  present  also  in  the  single  DMSO  control 
animal.  The  absence  of  positive  effects  indicates  a  failure  of  the  test 
substance  to  penetrate  the  skin  of  these  animals. 

A  primary  skin  irritation  test  was  performed  in  New  Zealand  White 
rabbits  by  Cuthbert  et  a1.  (1985).  Test  material  (HMX  in  physiological 
saline,  60  percent  wt/wt)  and  control  material  (sodium  laurel  sulfate,  10 
percent)  were  applied  in  0.5  ml  amounts  to  the  clipped  and  abraded  back  and 
flanks  of  six  rabbits,  three  of  each  sex,  weighing  2.5  to  3.0  kg.  The  filter 
paper  patches  (25  cm^j  were  covered  for  24  hr,  then  removed  and  the  sites 
wiped.  Sites  were  scored  at  24  and  72  hr  and  evaluated  according  to  the  FOA 
scoring  system.  A  primary  skin  Irritation  score  of  0.67  (mild  irritant), 
based  on  the  distribution  and  severity  of  edema  and  erythema,  was  calculated 
for  HMX. 


SENSITIZATION  POTENTIAL 

Sensitization  studies  of  HMX  were  carried  out  by  McNamara  et  al.  (1974), 
in  guinea  pigs,  using  both  intradermal  and  topical  challenge  routes.  In  the 
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initial,  sensitizing,  phase,  animals  were  exposed  to  the  test  compound  3 
days/week  for  3  weeks.  Topical  applications  consisted  of  0.5  ml  and 
intradermal  injections  of  0.05  ml  of  HHX  solution  (2.0  percent  in  acetone, 

2.5  percent  in  cyclohexanone,  or  3.3  percent  in  DMSO,  the  dose  levels  having 
been  chosen  to  prevent  mortality  from  HMX  toxicity).  Following  a  two-week 
rest  period,  each  animal  was  challenged  with  both  a  topical  and  an  intradermal 
dose,  one  on  each  thigh  at  different  times.  The  intradermal  challenge  doses 
consisted  of  dilutions,  in  saline,  of  1:1  (v/v)  solvent-saline  mixtures  while 
the  topical  challenge  doses  consisted  of  dilutions  of  the  same  mixtures  in  PEG 
200.  No  evidence  of  sensitization  was  found  from  any  of  the  combinations  of 
exposures  involving  either  HMX  or  solvent  controls. 

The  allergenic  potential  of  HMX  was  tested  also  by  Cuthbert  et  al. 

(1985)  using  the  Magnusson-Kl igman  maximization  test  with  Freund's  complete 
adjuvant  in  female  Dunkin-Hartley  guinea  pigs.  Simultaneous  tests  were  run  on 
p-phenylenediamine  and  sodium  laurel  sulfate  as  positive  and  negative 
controls,  respectively.  Twenty-five  animals  were  used  with  each  compound.  The 
induction  phase  consisted  of  a  course  of  intradermal  injections  (with  a  total 
of  0.15  ml  of  6.67  percent  HMX  in  distilled  water)  followed  6  days  later  by  a 
topical  dressing  of  60  percent  HMX  in  distilled  water. 

The  challenge  procedure  also  consisted  of  a  topical  application  and  was 
carried  out  21  days  after  the  induction  phase.  The  test  material  was  applied 
to  the  shaved  flanks  of  the  animals,  at  a  concentration  determined  to  be  non¬ 
irritating  (60  percent  w/v,  in  paraffin  oil)  with  a  2  X  2  cm  patch  of  filter 
paper  occluded  and  held  in  place  for  24  hours.  In  the  group  of  25  animals 
challenged  with  HMX,  no  positive  responses  were  elicited.  Thus  there  was  no 
indication  that  HMX  is  a  sensitizer. 


MUTAGENESIS 

Stilwell  et  al.  (1977)  tested  the  mutagenicity  of  pilot  treatment  plant 
wastewater,  both  before  and  after  treatment,  at  the  Holston  AAP,  TN.  They 
used  the  Ames  histidine  reversion  assay  in  Salmonella,  with  five  strains  of 
the  organism,  both  with  and  without  metabolic  activation.  Results  were 
negative  or  attributed  to  chance  variation.  Levels  of  HMX  and  RDX  ranged  from 
0.1  to  5.0  ppm  before  treatment  and  from  0.05  to  0.7  ppm  after  treatment. 

Negative  results,  again  with  five  tester  strains  with  and  without 
activation,  were  obtained  for  HMX  by  Whong  (1980)  and  Whong  et  al.  (1980). 

Both  spot  test  and  plate  incorporation  methods  were  employed.  Epler  (1985), 
as  reported  in  Parmer  et  al.  (1985),  also  failed  to  find  mutagenic  activity  in 
the  Ames  test,  as  did  Simmon  et  al.  (1977;  Cotruvo  et  al.  1977),  who  used  five 
tester  strains,  with  and  without  activation,  at  0.25  ml  saturated  HMX  solution 
per  plate. 

In  the  Simmon  study,  HMX,  with  and  without  metabolic  activation,  was 
also  tested  in  the  Saccharomyces  mitotic  recombination  assay.  Mitotic 
recombination  at  the  adenine  locus,  an  indication  of  mutagenicity,  was  not 
observed  in  either  study. 
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Amounts  of  the  compound  tested,  in  both  the  Ames  and  Saccharomvces 
systems,  were  small:  1.0  ml  of  a  saturated  aqueous  solution  per  plate  was  used 
in  the  Simmon  et  a1.  study,  while  Cotruvo  et  al.  used  a  solution  of  0.3  ppm 
HHX.  Thus,  mutagenicity  of  the  test  substance  at  higher  concentrations  is  not 
ruled  out  by  these  findings.  McCormick  et  al.  (1984a)  tested  concentrations 
of  HMX  up  to  5000  Mg/pUte  using  the  Ames  reversion  assay,  with  solution  in 
DHSO  used  to  achieve  the  higher  concentrations.  Five  tester  strains  were  used 
with  and  without  metabolic  activation.  The  tests  were  run  in  triplicate,  and 
a  two-  to  threefold  increase  in  back  mutations  was  considered  a  positive  test. 
The  results  were  negative. 


CARCINOGENICITY 

No  studies  were  found  that  addressed  the  possible  carcinogenic  effects 
of  HHX. 


TERATOGENICITY  AND  REPRODUCTIVE  EFFECTS 

.  No  studies  were  found  that  addressed  the  possible  teratogenic  or 
reproductive  effects  of  HMX. 
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7.  ENVIRONMENTAL  FATE 


MIGRATION 

Information  on  translocation  of  HMX  within  the  environment  Is  limited. 
Stidham  et  a1.  (1979)  reported  levels  of  67  mq/L  one  mile  downstream  of  the 
last  plant  effluent  at  Holston  AAP  and  attributed  this  In  part  to  Incomplete 
mixing  of  river  water  and  effluent.  Up  to  200  ng/kg  was  found  In  sediment 
samples  from  selected  stations  in  the  Holston  River  by  Sullivan  et  a1. 

(1977a). 

A  computer  model  simulation  of  the  translocation  and  persistence  of  HMX 
was  developed  by  Spanggord  et  a1.  (1983)  for  the  Holston  River  below  Holston 
AAP.  Physical  and  biological  degradation  and  partition  to  sediment  were 
Included,  as  well  as  dilution  and  solubility  considerations.  It  was  projected 
that  HMX  loads  In  the  receiving  river  would  persist  for  great  distances  below 
the  source.  Thus  If  a  HMX  discharge  of  450  ppb  had  been  reduced,  largely  by 
mixing  and  dilution,  to  0.3  ppb  20  km  downstream,  0.2  ppb  would  be  expected  at 
125  km  downstream. 

The  movement  of  HMX  through  soils  was  Investigated  by  Greene  et  al. 
(1985).  A  simulated  'pink  water'  containing  TNT,  2,4-DNT,  RDX,  and  HMX  (HMX 
at  4  mg/L)  was  continuously  applied,  at  flow  rates  of  40  and  100  mL/day,  with 
and  without  carbon  supplementation  (glucose),  to  a  series  of  soil  columns,  40 
cm  In  height  and  7  cm  In  diameter,  filled  with  garden  soil.  All  columns 
except  a  sterilized  control  were  Inoculated  with  activated  sludge  organisms. 
Column  effluent  (leachate)  was  monitored  for  explosives  and  transformation 
products.  Rapid  breakthrough  of  HMX  and  RDX,  but  not  TNT,  was  observed  at 
both  flow  rates,  with  and  without  glucose,  suggesting  that  the  nitramlne 
explosives  would  easily  travel  downward  In  at  least  some  soils  and  contaminate 
groundwater. 


PHYSICAL  DEGRADATION 

The  primary  mechanism  responsible  for  degradation  of  HMX  In  aqueous 
solution  Is  photolysis  (Ryon  et  al.  1984).  Spanggord  et  al.  (1982)  estimated 
the  rate  constant  and  half-life  for  HMX  photolysis  In  outdoor  sunlight 
experiments  using  0.5  ppm  solutions  In  pure  water  and  filtered  Holston  River 
water.  The  photolysis  followed  first-order  kinetics  and  was  little  Influenced 
by  humic  substances  or  other  chemicals  from  the  waste  stream.  A  half-life  of 
4  to  5  days  was  estimated  for  HMX  In  the  river. 

Photolysis  rate  constants  for  HMX  In  pure  water,  Holston  River  water  and 
Louisiana  AAP  treatment  lagoon  water  were  determined  by  Spanggord  et  al. 
(1983).  Rate  constants  for  HMX  were  approximately  one-third  those  for  RDX, 
and  both  were  greatly  reduced  In  lagoon  water  owing  to  the  presence  of  'pink 
water'  compounds  from  TNT  operations.  The  rate  constant  for  photolysis  of  HMX 
In  the  Holston  River  In  late  spring  was  calculated  to  be  0.166  day"^,  with  no 
significant  difference  according  to  location  upstream  or  downstream  of  the 
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Holston  AAP.  Using  a  computer  program,  Spanggord  et  a1.  (1983)  calculated 
photolysis  rate  constants  for  depths  of  0  to  300  cm  below  river  surface  and 
for  the  four  seasons.  At  depths  of  150  to  200  cm,  photolysis  rate  constants 
were  reduced  by  about  one  order  of  magnitude.  An  average  ha1f-life  of  17 
days  (150  cm  depth)  was  suggested  for  HMX  photolysis  in  the  Holston  River  and 
7900  days  in  the  Louisiana  AAP  lagoon.  Nitrate,  nitrite,  and  formaldehyde, 
but  no  N-nitroso  derivatives,  were  observed  as  transformation  products. 

Volatilization  will  not  be  an  important  fate  process  for  HMX  in  the 
environment.  The  Henry's  law  constant  was  calculated  for  HMX  by  Spanggord  et 
al.  (1982)  to  be  no  more  than  0.15  torr  M“^.  A  volatilization  rate  constant 
of  2.4  to  7.2  X  10~^  d~*  was  estimated  for  a  200  cm-deep  body  of  water.  This 
corresponds  to  a  half-life  of  1000  to  3000  days.  More  recently.  Burrows  et 
al.  (1989)  have  calculated  the  Henry's  law  constant  for  HMX,  from  its  vapor 
pressure,  molecular  wt  ght,  and  solubility,  to  be  2.60  x  10"^®  atm-m^/M  at 
25°C.  This  is  equal  to  1.98  x  10"^  torr  M“^.  Volatilization  from  a  body  of 
water  is  thus  expected  to  be  negligible. 

Spanggord  et  al.  (1982)  also  studied  the  possible  role  of  chemical 
reduction  of  HMX  in  anaerobic  sediments.  Reduction  of  1.0  x  10~^  M  HMX  by 
ferrous  sulfate,  reduced  hematin,  dithionite  ion,  and  HS~  ion  was  studied. 
Dithionite  ion  was  the  only  effective  reducing  agent  tested  (30  percent 
reduction  after  7  days  at  pH  11),  and  this  ion  was  not  deemed  an 
environmentally  relevant  reductant.  It  was  concluded  that  chemical  reduction 
in  anaerobic  environments  (sediments)  is  not  likely  to  be  an  important  process 
for  HMX.  Because  of  the  highly  oxidized  state  of  the  M-NO2  groups,  oxidation 
was  also  deemed  unlikely  to  prove  an  important  process. 

Hydrolysis  of  HMX  under  environmental  conditions  is  expected  to  be 
unimportant  (Spanggord  et  al.  1982).  It  was  reported  by  Hoffsommer  et  al. 
(1977)  and  by  Sikka  et  al.  (1980)  that  the  alkaline  hydrolysis  of  RDX  follows 
second-order  kinetics  and  is  very  slow  below  30°C.  Under  the  same  conditions, 
the  hydrolysis  rate  constants  for  HMX  (Spanggord  et  al.  1982)  are  more  than 
two  orders  of  magnitude  smaller  than  for  RDX.  At  pH  8  and  15^C,  the  half- 
lives  of  RDX  and  HMX  in  aqueous  acetone  are  22  days  and  21  years, 
respectively. 


BIODEGRADATION 

Studies  on  the  biotransformation  of  HMX  were  performed  by  Spanggord  et 
al.  (1982).  Degradation  of  HMX  under  aerobic  conditions  in  the  laboratory  was 
performed  with  freshly  obtained  Holston  River  water  collected  downstream  of 
the  HMX  waste  line  at  Holston  AAP.  Initial  HMX  concentration  was  4  ppm,  and 
experiments  were  conducted  at  20°  to  25°C  in  the  dark,  at  a  pH  of  7-8,  in 
river  water,  in  river  water  with  added  sediment  collected  from  the  HMX  waste 
line  (1  percent),  and  in  river  water  with  added  nutrient  (50  ppm  sterile  yeast 
extract  or  100  ppm  Difco  Brain-Heart  Infusion).  Initial  bacterial  populations 
in  the  flasks  were  about  2.5  x  10°/ml.  Without  added  nutrient,  there  was  no 
detectable  decrease  in  HMX,  as  determined  by  HPLC,  during  15  weeks  of 
incubation;  but  with  added  yeast  extract  rapid  transformation  occurred, 
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resulting  in  less  than  0.1  ppm  HMX  remaining  after  three  days.  Four 
metabolites,  the  mono-,  di-,  tri-,  and  tetranitroso  derivatives  of  HMX,  were 
detected  by  HPLC.  Attempts  to  establish  enrichment  cultures  were  not 
successful;  nor  were  efforts  to  culture  the  responsible  organisms;  and 
transformation  of  HMX  was  not  observed  in  river  water  that  had  been  stored 
prior  to  use.  Nevertheless  the  results  indicate  that  biotransformation  of  HMX 
may  be  occurring  in  wastewaters  and  receiving  streams. 

In  the  same  report,  Spanggord  et  al.  (1982),  determined 
biotransformation  of  HMX  under  anaerobic  conditions.  Flasks  as  described 
above  were  bubbled  with  nitrogen  gas  and  sealed.  Degradation  was  not  noted 
after  15  weeks  in  river  water  alone.  In  the  presence  of  the  1  percent 
sediment  supplement,  slow  disappearance  of  the  test  compound  took  place:  a 
decline  from  4  ppm  to  2  ppm  in  50  days,  and  to  less  than  0.2  ppm  in  91  days. 
The  process  of  degradation  showed  acceleration  with  time,  suggesting  growth  of 
the  responsible  microorganisms.  In  the  presence  of  the  yeast  extract 
supplement,  rapid  loss  of  HMX  was  seen  (less  than  0.1  ppm  remaining  at  three 
days),  with  one  HPLC-identif iable  metabolite  formed.  A  continuously 
transferable  mixed  culture  of  the  anaerobic  organisms  was  obtained  that 
degraded  HMX  in  three  days  in  the  presence  of  added  yeast  extract.  Spanggord 
et  al.  (1982,  1983)  reported  the  formation  of  the  nitroso  derivatives  and  of 
l,l-dimethylhydra2ine. 

McCormick  et  J  (1984a)  inoculated  anaerobic  nutrient  broth  cultures 
containing  50  ppm  HMX  with  anaerobic  sewage  sludge.  The  concentration  of 
explosive  declined  by  over  60  percent  in  five  days,  then  leveled  off. 

Products  identified  were  mononitroso-  and  dinitroso-HMX,  as  well  as  methanol. 


BIOSORPTION  AND  BIOCONCENTRATION 

Biosorption  studies  of  HMX  with  mixtures  of  several  species  of  gram¬ 
negative  and  gram-positive  bacteria  were  reported  by  Spanggord  et  al.  (1982). 
They  calculated  an  average  biosorption  coefficient  of  63,  defined  as  iig  HMX 
per  dry  weight  of  cells  divided  by  mQ  HMX  per  ml  supernatant.  This  suggests 
that  biosorption  would  not  be  an  important  factor  in  the  environment. 

Studies  of  bioconcentration  of  HMX  were  not  found.  This  was  determined 
to  be  of  little  significance  for  RDX  (Bentley  et  al.,  1977).  The 
bioconcentration  factor  for  HMX  was  estimated  by  Burrows  et  al.  (1989)  from 
the  octanol-water  partition  coefficient.  The  results,  0.49  for  fish  and 
0.00047  for  beef  fat/feed.  Indicate  no  bioconcentration. 
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8.  ANALYTICAL  METHODS 


Several  methods  have  been  developed  for  the  detection  and  quantitative 
analysis  of  HMX  In  the  presence  of  related  compounds.  These  Include 
volumetric  methods,  thin-layer  chromatography  (TLC),  high  pressure  liquid 
chromatography  (HPLC),  and  single-sweep  polarography.  Gas  chromatographic 
methods  are  severely  hampered  by  the  thermal  Instability  and  low  vapor 
pressure  of  HMX,  so  that  HPLC  methods  seem  to  be  the  most  widely  employed  for 
environmental  samples. 

Volumetric  methods,  based  on  titration  with  Iron  salts  or  sodium 
methoxide,  have  been  used  for  bulk  munitions,  but  have  not  been  modified  to 
detect  the  low  levels  occurring  In  environmental  samples  (Sullivan  et  a1. 
1977a). 

Detection  and  quantitation  by  single-sweep  polarography  (Whitnack  1976), 
which  relies  on  the  different  and  reproducible  peak  potentials  of  various 
molecular  species,  has  afforded  sensitivity  to  D.D5  mg/L  In  water. 

Thin-layer  chromatography  on  silica  gel  has  been  used  to  detect  HMX  In 
water  samples  (Leach  and  Hash  1972,  Stilwell  et  al.  1977)  and  In  both  water 
and  sediment  samples  by  Sullivan  et  al.  (1977).  A  sensitivity  of  about  1.0 
mg/L  was  reported  In  both  studies.  Sullivan  et  al.  (1977a)  used  ethyl  acetate 
as  the  carrier  solvent  and  absorptlometric  detection  by  ultraviolet  light  (254 
nm) . 


HPLC  Is  probably  the  best  method  for  routine  monitoring  of  low  levels  of 
HMX  In  aquatic  systems  (Sullivan  et  al.  1979)  and  tends  to  afford  higher 
sensitivity  than  TLC.  Stilwell  et  al.  (1977)  detected  0.1  mg  HMX/L  with  a 
precision  of  10  percent  (lower  limit  of  detection  0.05  mg/L).  Brueggemann 
(1983)  adapted  HPLC  methods  to  Holston  AAP  wastewater  containing  HMX,  ROX, 

TNT,  and  related  compounds.  After  concentration  of  the  sample  by  passage 
through  a  SEP-PAK'^Cig  cartridge,  the  explosives  were  separated  on  a  reverse 
phase  C^g  column,  the  Injection  volume  was  100  mL.  The  mobile  phase 
consisted  of  methanol  and  water  with  a  linear  gradient  elution  program 
(Increasing  methanol  concentration),  at  a  flow  rate  of  1.7  ml/mln  at  500  psi. 
HMX  in  the  effluent  was  determined  by  absorption  at  240  nm.  Recovery  of  HMX 
was  76  percent,  and  sensitivity  was  100  ng  In  100  ui  on  column  (1.0  ppm). 

A  reverse-phase  HPLC  system  was  used  for  routine  analysis  of  HMX  In 
water  and  sediment  samples  by  Spanggord  et  al.  (1982,  1983).  HMX,  RDX,  and 
other  explosive  compounds  and  metabolites  were  separated  by  direct  Injection 
of  water  samples  or  of  ethyl  acetate  extracts  of  sediment  samples  Into  a 
Waters  radial  compression  module  with  a  C^g  RCM  cartridge.  A  linear  gradient 
of  water  and  methanol/acetonitrl 1e  was  utilized,  with  detection  at  254  nm. 

The  detection  limit  for  aqueous  Injection  was  0.1  mg/L,  which  could  be  lowered 
through  a  concentration  step.  For  sediment  samples,  without  cleanup,  the 
limit  was  0.5  nq/Q.  Spanggord  et  al.  (1982)  also  employed  a  normal  phase 
HPLC  system  with  detection  by  a  nitrosyl-specif 1c  thermal  energy  analyzer. 

The  detection  limit  was  8  ng  of  HMX  Injected.  HPLC  methods  have  been  adapted 
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by  McCormick  et  al.  (1984a,  1984b)  to  the  detection  of  HMX  and  metabolites  in 
extracts  from  microbiological  culture  media  used  in  biodegradation  studies;  by 
Henderson  (1985a)  to  extracts  from  rodent  diet  and  dosing  formulations;  by 
Brueggemann  (1986)  to  extracts  from  deactivation  furnace  ash;  by  Jenkins  et 
al.  (1984)  to  wastewater  from  nitramine  manufacture  and  from  load,  assembly, 
and  pack  (LAP)  operations;  by  Burrows  and  Brueggemann  (1984)  to  OMSO  process 
effluent;  and  by  Henderson  (1985b)  to  plasma  obtained  during  rodent  toxicity 
studies.  In  the  latter  case,  the  limit  of  detection,  with  good  accuracy  and 
precision,  was  20  ng/mL. 

In  summary  it  is  apparent  that  sensitive  analytical  techniques  are 
available  for  the  separation  and  quantitation  of  HMX  and  associated  compounds 
in  industrial,  environmental,  and  biological  materials. 
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9.  TREATMENT  METHODS 


Waste  HMX  occurs  as  solid  explosive  formulations  and  in  wastewater  from 
RDX  and  HMX  manufacturing  and  from  LAP  operations.  In  the  last  case,  TNT  and 
related  substances  are  usually  present,  and  the  designation  'pink  water*  is 
used.  Treatment  methods  in  use  or  under  consideration  for  the  destruction  of 
explosive  compounds,  including  nitramines,  prior  to  environmental  release  are 
discussed  by  Pal  and  Ryon  (1986). 

For  explosive-laden  solid  materials,  both  landfilling  and  open  burning 
are  still  practiced  at  AAP's,  but,  with  the  development  of  new  methods  and 
equipment,  incineration  is  becoming  the  preferred  method.  Maybury  (1982, 
cited  in  Pal  and  Ryon,  1986)  states  that  80  percent  of  waste  propellants  and 
explosives  are  now  incinerated.  At  Holston  AAP,  which  manufacturers  all  of 
the  RDX  and  HMX  made  in  the  U.S.,  solid  explosive-laden  waste  is  currently 
open-air  burned  in  clay-lined  pits.  There  are  several  types  of  incinerator 
equipment,  all  requiring  a  fuel  source  such  as  gas  or  oil,  in  use  or  under 
development: 


1.  In  the  rotary  kiln  incinerator,  a  type  of  which  was 
installed  at  Radford  AAP  in  1978,  waste  propellant  in  slurry 
form  is  burned  by  a  continuous  process  at  lOOO^C  in 
refractory- lined  cylinders  rotating  at  a  slow  speed.  Both 
capital  and  maintenance  costs  are  relatively  high. 

2.  In  the  fluidized  bed  incinerator,  studied  at 
Picatinny  Arsenal,  Dover,  NJ,  air  is  forced  upward  through  a 
bed  of  aluminum  oxide/nickel  oxide.  As  in  (1),  the 
propellant  is  delivered  in  slurry  form. 

3.  In  pyrolytic  incineration  processes,  material  to  be 
disposed  of  is  conveyed  into  the  heated  zone  of  a 
furnace,  where  both  pyrolysis  and  combustion  occur.  In  a 
second  step,  heat  is  recovered.  The  system  has  advantages 
in  the  treatment  of  wet  solids  and  sludges. 

4.  In  the  SITPA  (Simplified  Incinerator  Technology  for 
Pollution  Abatement)  system,  waste  materials  are  fed  in  dry 
form  (making  the  operation  somewhat  more  hazardous)  and 
burned  in  an  unlined  rotary  kiln. 

Current  methods  for  treatment  of  HMX-laden  waters  result  in  only  partial 
removal  of  this  compound.  Holston  AAP  has,  since  1983,  used  settling,  earth 
filters,  and  biological  treatment  towers;  here  release  to  the  environment, 
including  groundwater,  has  been  a  problem.  In  pilot  studies  of  this  system. 
Hash  (1977,  cited  in  Pal  and  Ryon,  1986),  reported  HMX  removals  of  E.4  percent 
at  a  flow  of  0.8  gpm,  and  44.7  percent  at  a  flow  of  1.2  gpm.  Sludge  and 
contaminated  filter  material  were  disposed  of  by  landfilling  (Pal  and  Ryon 
1986).  Heffinger  and  Pregun  (1985),  in  bench-scale  experiments,  evaluated  the 
capability  of  the  Radford  AAP  rotating  biological  contactor  to  remove  HMX  and 
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RDX.  The  results  were  disappointing. 

Pink  water,  which  comes  from  LAP  operations  involving  TNT  and  as  a 
condensate  from  red  water  disposal  operations,  and  which  typically  contains 
both  RDX  and  HHX,  is  currently  treated  by  passage  over  granular  activated 
carbon  (GAC)  columns  (Ryon  et  al.  1984).  While  this  treatment  is  capable  of 
reducing  total  nitrobodies  from  140  mg/L  to  less  than  0.3  mg/L,  removal  of  HMX 
is  poor;  there  is  a  tendency  for  HMX  and  RDX  to  be  displaced  from  the  column 
by  TNT  (Burrows,  1984).  GAC  is  not  currently  in  use  for  treatment  of 
wastewater  from  the  RDX/HMX  lines  at  Holston  AAP. 

HMX  is  biodegradable  in  anaerobic  sewage  sludge,  but  complete 
elimination  was  not  achieved  after  several  weeks  of  incubation  (McCormick  et 
al.  1984b).  Two  intermediates  were  identified:  the  mononitroso  and  dinitroso 
derivatives  of  HMX. 

Several  forms  of  tertiary  treatment  have  been  shown  to  be  potentially 
capable  of  removing  HMX  and  other  nitramines  from  aqueous  solutions  in  bench- 
scale  experiments  at  Holston  AAP.  It  was  shown  by  kobyl inski  and  Burrows 
(1984)  that  HMX  and  other  nitramines  can  be  reduced  to  below  the  detection 
limit  by  corona  oxidation  (the  Innova  process),  an  electrolytic  process  in  the 
presence  of  graphite  fiber  particles.  This  was  achieved  by  two  hours  of 
treatment,  with  the  munitions  tested  both  singly  and  in  mixtures.  Ultraviolet 
irradiation  was  also  effective  (Burrows,  1983),  especially  in  combination  with 
hydrogen  peroxide  (Andrews  and  Osmon,  1976;  NWSC,  1985).  In  combination  with 
0.01  percent  hydrogen  peroxide,  HMX  in  pure  solutions  was  degraded  with  a 
half-life  of  only  11,6  minutes  (Noss  et  al.  1984).  These  processes  require 
further  investigation,  under  realistic  conditions  and  better  definition  of  the 
energy  requirements  and  cost-effectiveness. 

Wastewaters  containing  HMX  and  RDX  may  be  sucessfully  treated  in 
continuous  culture  biological  treatment  systems,  if  the  systems  are  operated 
under  anaerobic  conditions  (McCormick  et  al.,  1984;  Heffinger  and  Pregun, 
1985). 
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10.  CRITERION  FORMULATION 


EXISTING  CRITERIA  AND  STANDARDS 

No  existing  criteria  or  standards  were  found  for  HMX.  These  have  not 
been  established  because  of  lack  of  data  (Pal  and  Ryon,  1986). 


AQUATIC  CRITERIA  DEVELOPMENT 

A  brief  description  of  the  methodology  proposed  by  the  US  Environmental 
Protection  Agency  for  the  estimation  of  water  quality  criteria  for  the 
protection  of  aquatic  life  and  Its  uses  is  presented  In  Appendix  A.  Aquatic 
criteria,  as  proposed  by  USEPA,  consist  of  two  values,  a  Criterion  Maximum 
Concentration  (CMC)  and  a  Criterion  Continuous  Concentration  (CCC)  (Stephan  et 
a1.,  1985).  The  CMC  Is  equal  to  one-half  the  Final  Acute  Value,  while  the  CCC 
Is  equal  to  the  lowest  of  the  Final  Chronic  Value,  the  Final  Plant  Value,  and 
the  Final  Residue  Value. 

Data  available  for  calculating  a  Final  Acute  Value  for  HMX  do  not  meet 
the  requirements  specified  by  the  USEPA  guidelines  (Stephan  et  a1..  1985). 
Static  acute  toxicity  tests  were  performed  by  Bentley  et  a1.  (1977)  on  four 
freshwater  Invertebrates,  representing  four  diverse  families,  and  on  four 
species  of  fish.  The  list  of  organisms  tested  meets  most,  but  not  all,  of  the 
criteria  specified  in  Stephan  et  al.  (1985).  In  no  case  can  a  mean  acute 
value  be  derived.  This  Is  due  In  part  to  low  toxicity,  the  acute  value  being 
higher  than  the  solubility  limit  of  the  test  substance  (about  3.3  mg/L).  Thus 
It  Is  unlikely  that  the  Final  Acute  Value  would  be  less  than  3.3  mg/L. 

Because  the  studies  reported  did  not  Include  chronic  or  flow-through  testing, 
a  Final  Chronic  Value  cannot  at  this  time  be  determined. 

Bentley  et  al.  (1977)  also  studied  the  toxicity  of  HMX  to  four  diverse 
species  of  algae.  No  deleterious  effects  were  detected  In  this  study,  with 
nominal  concentrations  ranging  up  to  32  mg/L,  which  Is  well  above  the 
solubility  limit  and  therefore  well  above  the  actual  concentrations  achieved. 
Small  statistically  significant  effects  on  cell  density  and  chlorophyll  a  were 
later  found  In  these  data  by  Sullivan  et  al.  (1979).  Due  to  the  lack  of  a 
definitive  EC50  for  either  growth  or  chlorophyll  content,  the  data  are  not 
deemed  adequate  for  determination  of  a  Plant  Final  Value. 

Studies  on  bioconcentration  of  HMX  were  not  found.  Therefore  no  Final 
Residue  Value  can  be  calculated. 

Because  the  Criterion  Maximum  Concentration  Is  obtained  from 
the  Final  Acute  Value,  It  cannot  be  calculated.  Because  It  Is  calculated  as 
one-half  of  the  Final  Acute  Value,  It  Is  unlikely  to  be  less  than  1.65  mg/L 
(one-half  of  3.3  mg/1).  Similarly,  because  the  Criterion  Continuous 
Concentration  Is  equal  to  the  least  of  the  Chronic  Value,  Final  Plant  Value, 
or  Final  Residue  Value,  It  cannot  be  determined.  In  summary,  the  minimum  data 
base  specified  In  USEPA  guidelines  (Stephan  et  al.  1985  )  for  derivation  of 
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water  quality  criteria  for  the  protection  of  aquatic  life  and  ite  uses  is  not 
now  available. 


HUMAN  HEALTH  CRITERIA 

Data  concerning  tests  for  carcinogenicity  of  HMX  were  not  found,  and  no 
water  quality  criterion  based  on  a  nonthreshold  effect  should  be  undertaken  at 
this  time.  In  addition,  there  are  no  human  data  suitable  for  estimating  a 
maximum  daily  oral  intake  that  produces  no  detectable  adverse  effects. 
Therefore  the  human  health  criterion  will  be  calculated  based  on  the 
subchronic  study  of  Everett  et  al.  (1985)  in  rats. 

Acute  oral  toxicity  to  rodents  was  far  lower  than  intravenous  toxicity, 
possibly  because  of  poor  absorption  from  the  gut.  Oral  LDcg  values  ranged 
from  1670  mg/kg  in  male  mice  to  6440  mg/kg  in  female  rats  (Cuthbert  1985).  In 
contrast,  intravenous  LD50  values  in  rats  were  calculated  to  be  25.1  mg/kg  in 
males  and  38.1  mg/kg  in  females.  Very  similar  figures  were  obtained  by 
McNamara  et  al.  (1974)  in  both  mice  and  guinea  pigs.  The  LD50  by  the  oral 
route  appeared  to  be  smaller  in  rabbits  than  in  rodents  (Cuthbert  1985),  with 
mortality  being  2/2  in  groups  receiving  250  mg/kg  or  above. 

In  the  13-week  mouse  oral  subchronic  toxicity  study  of  Everett  and  Mad- 
dock  (1985),  mortality  was  25/40  for  the  combined  groups  in  the  200-250  mg/kg 
range.  At  the  30  mg/kg  dose  level,  mortality  could  not  be  statistically  dis¬ 
tinguished  from  controls:  but  some  statistically  significant  effects  were 
recorded:  several  minor  changes  in  hematological  and  clinical  chemistry 
parameters,  including  an  elevation  in  albumin  concentration  in  females,  and  a 
decrease  in  relative  testis  weight.  At  the  12  mg/kg  dose  level  (males  only), 
minor  departures  from  control  values  were  noted  in  relative  testis  weight  and 
absolute  kidney  weight.  These  were  significant  at  the  P<0.05  level  only  and 
were  not  part  of  any  trend  visible  in  the  higher  dose  groups.  They  are  best 
regarded  as  the  result  of  data  structure  or  the  result  of  investigation  of  a 
large  number  of  parameters.  Thus,  despite  the  high  mortality  in  this  study, 
little  evidence  of  toxic  changes  could  be  found,  and  none  was  sufficient  to 
give  any  indication  of  the  cause  of  death  in  these  animals. 

In  the  13-week  rat  study  of  Everett  et  al.,  (1985),  with  no 
dose-related  mortality,  body  weight  gain  was  reduced  in  a  dose-related 
fashion.  At  necropsy  two  classes  of  dose-related  lesions  were  seen  (Table  8): 
histopathologic  liver  changes  in  males  and  tubular  kidney  change,  charac¬ 
terized  by  focal  atrophy  and  dilatation,  in  females.  In  addition  there  were 
several  significant  organ  weight  changes  at  higher  doses,  including  an  in¬ 
crease  in  kidney  weight  in  females.  Hematology,  clinical  chemistry,  and 
urinalysis  studies  were  performed  on  control  and  high-dose  rats.  Among  the 
findings  were  reduced  hemoglobin,  slightly  increased  methemoglobin,  increased 
alkaline  phosphatase,  and,  in  females,  increased  blood  urea  nitrogen  and  serum 
albumin.  Some  of  these  effects  may  be  related  to  the  liver  and  kidney  damage 
noted  above. 

Based  on  the  occurrence  of  toxic  liver  and  kidney  changes  in  the  rat 
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study  of  Everett  et  a1.  (1985),  (Table  8),  a  NOAEL  of  50  mg/kg/day  is  sug¬ 
gested  for  males  and  115  mg/kg/day  for  females.  This  Is  In  agreement  with 
that  determined  for  HMX  by  the  USEPA  (McLellan  et  a1.  1988).  The  smaller 
value,  50  mg/kg/day,  is  taken  for  calculation  of  the  water  quality  criterion. 
This  compares  with  a  value  of  0.3  mg/kg/day  determined  as  a  NOAEL  for  RDX  by 
Etnier  (1986),  based  on  a  24-month  dietary  study. 

The  proposed  USEPA  method  for  the  estimation  of  a  water  quality 
criterion  for  the  protection  of  human  health  (USEPA  1980)  is  summarized  in  Ap¬ 
pendix  2.  When  the  NOAEL  of  50  mg  HHX/kg,  taken  from  the  chronic  rat  study 
described  above  (Everett  et  a1.,  1985)  Is  used,  with  an  uncertainty  factor  of 
1000,  the  acceptable  daily  intake  (AOI)  for  a  70-kg  human  is  calculated  as 
follows: 


ADI 


70  ko  X  NOEL  (mo/ka/dav)  70  x  50 
Uncertainty  factor  *  1000 


3.5  mg/day 


The  uncertainty  factor  of  1000  was  chosen  because  the  results  used  are 
from  a  valid  long-term,  but  less  than  lifetime,  feeding  study  on  an  ex¬ 
perimental  animal,  in  which  a  well  defined  NOAEL  and  LOAEL  exist. 

*  The  equation  for  calculating  a  drinking  water  criterion  for  the  protec¬ 

tion  of  human  health,  given  an  ADI,  is: 

ADI  -  (DT  ♦  IN) 


2  L/day  ♦  (0.0065  kg/day  x  BCF  x  1  L/kg) 


where 

C  «  water  quality  criterion; 

AOI  >  acceptable  daily  intake,  3.5  mg/day; 

OT  •  dietary  nonfish  intake,  assumed  to  be  zero; 

IN  -  inhalation  Intake,  assumed  to  be  zero; 

L/day  >  daily  water  intake  in  liters; 

0.0065  ■  daily  dietary  fish  intake  in  kg; 

BCF  ■  bioconcentration  factor,  0.49  (est.  by  Burrows  et  al.l989;  value  for 
RDX  >  4.7,  Etnier  1986);  and 
L/kg  «  unit  conversion  factor. 

/kn  ambient  water  quality  criterion  for  the  protection  of  human  health  is 
calculated  as  1.7  mg/L.  For  RDX  the  value  proposed  by  Etnier  (1986)  was  0.103 
mg/L. 


The  studies  cited  above,  in  which  toxicity  to  aquatic  organisms  was 
determined,  showed  that  nominal  concentrations  up  to  32  mg/L  (actual  con¬ 
centrations  in  solution  up  to  3.9  mg/L)  produced  little  or  no  discernible  ad¬ 
verse  effect  on  fish,  invertebrates  or  algae.  The  proposed  criterion  con¬ 
centration  for  protection  of  human  health,  1.7  mg/L,  shold  be  protective  of 
most  aquatic  organisms  and  their  uses. 
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RESEARCH  RECOMMENDATIONS 


The  following  are  reconmended  to  fill  gaps  In  the  data  needed  to  meet 
the  USEPA  requirements  for  generating  human  drinking  water  and  aquatic  life 
water  quality  criteria. 

1.  Chronic  toxicity  (lifetime)  studies  In  rodents  suitable  for  deriving 
NOAEL  or  LOAEL  values  and  Information  on  the  carcinogenic  potential  of  HHX. 

2.  Developmental  and  reproductive  toxicity  studies  In  animals. 

3.  An  acute  toxicity  test  on  an  aquatic  organism  outside  the  phyla 
Arthropoda  and  Chordata,  e.g.,  the  aquatic  ollgochaete  annelid  Lumbri cuius 
varlegatus.  An  acute  toxicity  test  with  an  organism  representing  a  fourth 
phylum,  e.g.,  Mollusca,  or  an  order  of  Insect  other  than  Diptera  (represented 
by  the  midge). 

4.  Both  acute  and  chronic  flow-through  tests  using  measured  concentra¬ 
tions  on  three  species  of  aquatic  animals  representing  three  families,  to  In¬ 
clude  (a)  a  fish,  (b)  an  Invertebrate,  and  (c)  a  sensitive  freshwater  species. 

5.  An  acceptable  test  of  the  potential  for  HMX  to  bioconcentrate  In 
aquatic  systems. 
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APPENDIX  A: 

SUMMARY  SE  PSEPA  METHODOLOGY  FOR  DPJTVTMfl  NUMERICAL  WATER  QUALITY 
CRITERIA  FOR  THE  PROTECTION  Of  AQUATIC  ORGANIS16  AND  THEIR  USES 


follovlag  s«nar7  1«  a  ooad«aa«4  ▼•raloa  of  tka  1M5  flaal  OS 
SaalroaBaatal  Protaetloa  Agaaaj  (USIPA)  gaiSaliaaa  for  aalamlatiag  a 
vatar  qaallty  erltaria  to  protaot  ORaatla  Ufa  aad  la  slaatad  toaarda 
tka  tpaeiflo  xagalatory  aaada  of  tko  US  Any  (a.g.  •  diaoaaaloa  of 
aaltvatar  aapaeta  of  tka  orltaria  aalaalatloa  ara  aot  iaaladad).  Ika 
gaidallaaa  ara  tka  aoat  raeaat  dooaaaat  oatlialag  tka  ra^alrad  pro- 
eadaraa  aad  vara  vrittaa  by  tka  follovlag  raaaarekars  froo  tka  USEPA'a 
ragloaal  raaaarek  laboratoriaa:  C.B.  Stapkaa,  D.I.  Moaat,  D.J.  laasaa, 
7.1.  Gaatila.  G.A.  Ckapaaa.  aad  W.A.  Braagt.  For  graatar  datail  oa 
iadlTidaal  polata  ooaaalt  Stapkaa  at  al.  (19tS). 


1.  INTRODUCTION 

The  Gnldel ine«  for  Deriviai  Nnaerical  National  Water  Qnalitv  Cri¬ 
teria  for  tbe  Protectioa  of  Aanatic  Oraaniaaa  and  Tbeir  Uaea  describe  an 
objective,  internally  consistent,  and  appropriate  way  of  astiaating 
national  criteria.  Because  aquatic  life  can  tolerate  soae  stress  and 
occasional  adverse  effects,  protection  of  all  species  all  of  tke  tiaa 
vat  not  deeaed  necessary.  If  acceptable  data  ara  available  for  a  large 
nosbar  of  appropriate  taxa  froa  a  variety  of  taxonoaic  and  functional 
groups,  a  reasonable  level  of  protectioa  should  be  provided  it  all 
except  a  taall  fraction  are  proteetad.  unless  a  eoaaarclally. 
recreationally.  or  socially  iaportant  species  vas  vary  sensitive.  Tka 
saall  fraction  is  set  at  0.05  because  other  fractions  resulted  in  cri¬ 
teria  that  seeaed  too  high  or  too  lov  in  coaparisoa  vltk  tka  sets  of 
data  froa  idiich  they  vere  calculated.  Use  of  0.05  to  calculate  a  Final 
Acute  Value  does  not  iaply  that  this  percentage  of  adversely  affected 
taxa  ikould  be  used  to  decide  in  a  field  situation  vhether  a  criterion 
is  appropriate. 

To  be  acceptable  to  the  public  and  useful  in  field  situations,  pro¬ 
tection  of  aquatic  organisas  aad  their  uses  should  be  defined  as  preven¬ 
tion  of  unacceptable  long-tera  and  short-tera  effects  oa  (1)  coaaerci- 
ally.  recreationally.  and  socially  iaportant  species  aad  (2)  (a)  fish 
aad  benthic  invertebrate  asseablagas  in  rivers  and  straaas  aad  (b)  fish, 
benthic  invertebrate,  and  xooplaakton  ssseablages  in  lakes,  reservoirs, 
estuaries,  and  oceans.  These  national  guidelines  have  been  developed  on 
the  theory  that  effects  which  occur  oa  a  species  in  appropriate  labora¬ 
tory  tests  will  generally  occur  on  tbe  sane  species  in  coaparable  field 
situations. 

Nuaerical  aquatic  life  criteria  derived  using  these  national 
guidelines  are  expressed  as  two  aunbers.  so  that  the  criteria  can  nore 
accurately  reflect  toxicological  and  practical  realities.  The  conbina- 
tioa  of  a  aaxinua  concentration  and  a  continuous  concentration  is  desig¬ 
ned  to  provide  adequate  protection  of  aquatic  life  aad  its  uses  froa 
acute  aad  chronic  toxicity  to  aniaals.  toxicity  to  plants,  aad 
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bioacewnlttlom  by  aquitle  orfaaisat  vitbont  baiag  at  rattrictlT#  at  t 
oaa-aaaber  eritarioa  woald  bavt  to  ba  la  order  to  provide  the  taae 
degree  of  protect loa. 

Criteria  prodaced  by  thete  gaideliaet  thoald  be  atefal  for  develo- 
plag  water  qmality  ataadarda.  alziag  xoae  ttaadardt.  aad  efflaeat  ttaa- 
<lardt.  Developaeat  of  tach  ttaadardt  way  have  to  coatider  additioaal 
faetort  saA  at  tocial,  legal,  eeoaoaie,  aad  additioaal  biological  data. 
It  aay  be  detirable  to  derive  tite-tpeclf Ic  criteria  txom  thete  aatioaal 
criteria  to  reflect  local  coadltloat  (IJSEPA  1982).  The  two  faetort  that 
■ay  caaae  the  aoat  differeace  betveea  the  aatioaal  aad  tite-tpecif ic 
criteria  are  the  tpeciea  that  will  be  expoted  aad  the  characterittica  of 
the  water. 

Criteria  thoald  provide  reatooablc  aad  adequate  protectioa  with 
oaly  a  mail  potaibllity  of  coatiderable  overprotect ioa  or  uoderprotec~ 
tioa.  It  it  aot  eaoagh  that  a  crlterioa  be  the  beat  ettiaate  obtaiaable 
atiag  available  data;  it  it  equally  iaportaat  that  a  crlterioa  be 
derived  oaly  if  adequate  appropriate  data  are  available  to  provide 
reatoaable  eoufideace  that  it  it  a  good  ettiaate.  Thut,  thete  guidel" 
iaet  require  that  certaia  data  be  available  if  a  crlterioa  ic  to  be 
derived.  If  all  the  required  data  are  aot  available,  utually  a  cri** 
terioa  ahould  aot  be  derived;  however,  availability  of  all  required  data 
doea  aot  eaaure  that  a  crlterioa  caa  be  derived.  The  aaouat  of  guldaaee 
la  thete  aatioaal  gaideliaet  it  cigaificaat,  but  auch  of  it  it  aecer~ 
tarily  qualitative  rather  thaa  quaatitative;  auch  jadgeaeat  will  be 
required  to  derive  a  water  quality  crlterioa  for  aquatic  life.  All 
aecettary  deciaioat  ahould  be  bated  oa  a  thorough  kaowledge  of  aquatic 
toxicology  aad  aa  uaderctaadiag  of  thete  gaideliaet  aad  thoald  be  eoar 
ciateat  with  the  apirit  of  thete  guideliaea  -  which  ia  to  aahe  beat  ate 
of  all  available  data  to  derive  the  aott  appropriate  crlterioa. 


2.  pgiwrrioN  fiE  material  se  concern 


1.  Bach  ceparate  diealcal  that  doea  aot  ioaixe  tigaif icaatly  ia 
■oat  aataral  bodice  of  water  ahould  be  eoatidered  a  aeparate 
■aterial,  except  pottibly  for  ttructuially  tiailar  orgaaie 
eoapouada  that  oaly  exitt  ia  large  quxatitiet  at  coaaercial 
■ixturea  of  the  variout  eoapouada  aad  appareatly  have  tiailar 
biological,  chealcal,  phytical,  tad  toxicological  propertiet. 


2.  For  cheaicalt  that  do  ioaixe  tigaif  icaatly.  all  forat  that 
would  be  ia  cheaical  equilibriua  thonld  utually  be  eoatidered 
oae  aaterial.  Each  differeat  oxidatioa  ctate  of  a  aetal  aad 
each  differeat  aoaioaixable  covaleatly  beaded  orgaaoaetallic 
ccapouad  ahould  utually  be  eoatidered  a  ceparate  aaterial. 

3.  Defialtioa  of  the  aaterial  ahould  iaclude  to  operatiooal 
aaalytical  coapoaeat.  It  it  alto  aecettary  to  refereace  or 
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describe  aiulytlcal  aethoda  t!iat  the  tan  ia  intended  to 
denote.  Priaary  reqnlreaenta  of  tbe  operational  «v^iytieal 
eoaponent  ia  that  it  be  appropriate  for  nst  on  saaplea  of 
receiving  water,  that  it  be  coapatible  with  toxicity  and 
bioaccnanlation  data  without  aahing  extrapolationa  that  are 
too  hypothetical,  and  that  it  rarely  reanlt  in  nnierprotec- 
tion  of  aquatic  life  and  ita  uaea. 

NOTE;  Analytical  cheaiatry  of  the  aaterial  aay  have  to  be 
conaidered  when  defining  the  aaterial  or  when  Judging  accep¬ 
tability  of  soae  toxicity  teata.  but  a  criterion  ahould  not 
be  baaed  on  xenaitivity  of  an  analytical  aethod.  When  aqua¬ 
tic  organiaaa  are  aore  aenaitive  than  analytical  techniquea, 
the  proper  aolntion  la  to  develop  better  analytical  aethoda, 
not  to  nnderprotect  aquatic  life. 


3.  COLLECTION  OF  DATA 


1.  Collect  all  available  data  on  the  aaterial  concerning  (a) 
toxicity  to,  and  bioaccnanlation  by,  aquatic  aniaala  and 
planta;  (b)  FDA  action  levels  (FDA  Gnidelinea  Manual);  and 
(c)  chronic  feeding  atndiea  and  long-tera  field  atudiea  with 
wildlife  that  regularly  coaxnae  aquatic  organiaaa. 


2.  All  data  naed  ahould  be  available  in  typed,  dated  and  aigned 
hardcopy  with  enongh  anpporting  inforaation  to  indicate  that 
acceptable  teat  procednrea  were  naed  and  the  reanlta  ahonld 
be  reliable. 


3.  Queationable  data,  whether  pnbliahed  or  not.  ahould  not  be 
naed. 


4.  Data  on  technical  grade  aaterial a  aay  be  need  if  appropriate, 
but  data  on  fomnlated  aixturex  and  eaulaifiable  concentratea 
of  the  teat  aaterial  ahould  not  be  naed. 


5.  For  aoae  highly  volatile,  hydrolyzable,  or  degradable  aateri¬ 
al  a  it  aay  be  appropriate  to  only  nae  reaulta  of  flow-throng 
teata  in  which  concentration  of  teat  aaterial  ia  teat  aoln- 
tioaa  were  aeaanred  naiag  acceptable  analytical  aethoda. 


6.  Do  not  nae  data  obtained  uaing  brine  ah r lap,  apeciea  that  do 
not  have  reproducing  wild  populationa  la  North  Aaerica,  or 
organiaaa  that  were  previonaly  expoaed  to  aigaif leant  concen- 
trationa  of  the  teat  aaterial  or  other  coataaiaanta. 
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4.  RBQDIRED  DATA 


1.  Kesnlts  of  acceptable  acate  teste  (see  Section  5)  with 

freshwater  aniaals  in  at  least  ei|ht  different  faailies  such 

that  all  of  the  following  are  inclnded: 

a.  the  faailp  Salaonidae  in  the  class  Osteichthyes; 

b.  a  second  faaily  (preferably  an  iaportant  warawater 
species)  in  the  class  Osteichthyes  (e.g.  ,  blnegill, 
fathead  ainnow,  or  channel  catfish): 

c.  a  third  faaily  in  the  phylna  Chordata  (e.g,  fish  or 
aaphibian); 

d.  a  planktonic  crnstacean  (e.g,  cladoceran  or  copepod): 

e.  a  benthic  crnstacean  (e.g,  ostracod,  isopod,  or  aaphi- 
pod): 

f.  an  insect  (e.g.,  nayfly,  nidge,  stonefly); 

g.  a  faaily  in  a  phylna  other  than  Arthropods  or  (liordsta 
(e.g,  Annelida  or  Mollnsca);  and 

h.  a  faaily  in  any  order  of  insect  or  any  phylna  not 
represented. 


2.  Acnte-chronic  ratios  (see  Section  7)  for  species  of  sqnatic 
aniaals  in  at  least  three  different  faailies  provided  that  of 
the  three  species  at  least  (a)  one  is  a  fish,  (b)  one  is  an 
invertebrate,  and  (c)  one  is  a  sensitive  frediwater  species. 


3.  Results  of  at  least  one  acceptable  test  with  a  freshwater 
alga  or  a  chronic  test  with  a  frediwater  vascnlar  plant  (see 
Section  9).  If  plants  are  anong  the  sqnatic  organisas  that 
are  aost  sensitive  to  the  aaterial.  resnlts  of  a  test  with  a 
plant  in  another  phyla  (division)  shonld  be  available. 

4.  At  least  one  acceptable  bioconcentration  factor  deterained 
with  an  appropriate  sqnatic  species,  if  a  aaxina  peraissible 
tisane  concentration  is  available  (see  Section  10). 

If  all  reqnired  data  are  available,  s  naerical  criterion  can  nsnally  be 
derived,  except  in  special  cases.  For  exaaple,  if  a  criterion  is  to  be 
related  to  a  water  qnality  characteristic  (see  Sections  (  and  8),  sore 
data  will  be  necessary.  Similarly  if  all  reqnired  data  are  not  availa¬ 
ble  a  naerical  criterion  shonld  not  be  derived  except  in  special  cases. 
For  exaaple,  even  if  not  enongh  acnte  and  chronic  data  are  available,  it 


mtj  b«  possible  to  derive  s  criterion  if  tbe  date  clesrlj  indicate  that 
the  Pinal  Residue  Value  would  be  aucb  lover  than  either  tbe  Final 
(Tronic  Value  or  tbe  Final  Plant  Value.  Confidence  in  a  criterion 
usually  increases  as  tbe  aaount  of  data  increases.  Ibus,  additionsl 
data  are  usually  desirable. 


5.  PINAL  ACPTE  VALDE 


1.  Tbe  Final  Acute  Value  (FAV)  is  an  estiaate  of  tbe  concentra¬ 
tion  of  aaterial  corresponding  to  a  cuanlative  probability  of 
0.05  in  tbe  acute  toxicity  values  for  tbe  geners  with  vbieb 
scute  tests  bsve  been  conducted  on  tbe  asterial.  However,  in 
soae  eases,  if  tbe  Species  Nesn  Acute  Value  (SMAV)  of  an 
laportant  species  is  lower  tbsn  tbe  calculated  FAV,  then  that 
SNAV  replaces  tbe  FAV  to  protect  that  laportant  species. 


2.  Acute  toxicity  tests  should  have  been  conducted  using  secep- 
table  procedures  (e.g. ,  ASTN  Stsndard  E  724  or  729). 

3.  Generally,  results  of  acute  tests  in  which  food  was  added  to 
the  test  solution  should  not  be  used,  unless  data  indicate 
that  food  did  not  affect  test  results. 


4.  Results  of  acute  tests  conducted  in  unusual  dilution  water, 
e.g..  dilution  water  containing  high  levels  of  total  organic 
carbon  or  particulate  aatter  (higher  than  5  ag/L)  should  not 
be  used,  unless  a  relationship  is  developed  between  toxicity 
and  organic  carbon  or  unless  data  ahov  that  organic  carbon  or 
particulate  aatter.  etc.  do  not  affect  toxicity. 


5.  Acute  values  should  be  based  on  endpoints  which  reflect  the 
total  adverse  iapsct  of  the  test  aaterial  on  the  organisas 
used  in  the  tests.  Therefore,  only  the  following  kinds  of 
data  on  acute  toxicity  to  fredivater  aquatic  aniaals  should 
be  used: 

a.  Tests  with  dspbuids  and  other  clsdocerans  abonld  be  star¬ 
ted  with  organisas  <24  hr  old  and  tests  with  nidges 
should  be  started  with  second-  or  third-instar  .arvae. 

The  result  diould  be  the  48— hr  EC50  based  on  percentage 
of  orgsoisas  iaaobilized  plus  percentage  of  organisas 
killed.  If  such  an  ECso  it  not  available  froa  a  test, 
the  48-hr  LC50  should  be  used  in  place  of  the  desired 
48*-hr  EC50.  An  EC50  or  LCso  of  longer  than  48  hr  can  be 
used  provided  aniaals  were  not  fed  and  control  sninsls 
were  acceptable  at  the  end  of  the  test. 
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b.  Tb«  result  of  tests  with  all  other  aquatic  aniaal  species 
should  be  the  96-hr  ECso  valiie  based  oa  perceatace  of 
orgsnisas  e^ibitiag  loss  of  eqailibriiai  pins  percentage 
of  organ! SBS  inobilized  pins  percentage  of  organ! sas 
killed.  If  each  an  EC50  ▼alne  is  not  available  froai  a 
test,  the  9(-hr  LC50  should  be  used  in  place  of  the 
desired  EQso. 

c.  Tests  with  single-cell  organiaas  are  not  considered  acute 
tests,  even  if  the  duration  vas  ^96  hr. 

d.  If  the  tests  were  conducted  properly,  acute  values  repor¬ 
ted  as  greater  than  values  and  those  acute  values  which 
are  above  solubility  of  the  test  aaterial  are  acceptable. 


(.  If  the  acute  toxicity  of  the  aaterial  to  aquatic  aniaals  has 
been  shown  to  be  related  to  a  water  quality  characteristic 
(e.g. .  total  organic  carbon)  for  freshwater  species,  a  Final 
Acute  Equation  should  be  derived  based  on  that  diaracteris- 
tic. 

7.  If  the  data  indicate  a  that  one  or  aore  life  stages  are  at 
least  a  factor  of  2  tiaes  aore  resistant  than  one  or  aore 
other  life  stages  of  the  saae  species,  the  data  for  the  aore 
resistant  life  stages  should  not  be  used  in  the  calculation 
of  the  SMAV  because  a  species  can  only  be  considered  protec¬ 
ted  froa  acute  toxicity  if  all  life  stages  are  protected. 

8.  Consider  the  agreeaent  of  the  data  within  and  between 
species.  Questionable  results  in  coaparison  to  other  scute 
and  chronic  data  for  the  species  and  other  species  in  the 
saae  genus  probably  should  not  be  used. 


9.  For  each  speoies  for  which  at  least  one  acute  value  is 
available,  the  SMAV  should  be  calculated  as  the  geoaetric 
aesn  of  all  flow-throng  test  results  in  which  the  concentra¬ 
tion  of  test  aaterial  were  aeasured.  For  a  species  for  which 
no  such  result  is  available,  calculate  the  geoaetric  aean  of 
all  available  acute  values,  i.e. ,  results  of  flow-through 
tests  in  which  the  concentrations  were  not  aeasured  and 
results  of  static  and  renewal  tests  based  on  initial  total 
concentrations  of  test  aaterial. 

NOTE:  Data  reported  by  original  investigators  should  not  be 
rounded  off  and  at  least  four  significant  digits  should  be 
retained  in  intemediste  calculations. 


10.  For  each  genus  for  which  one  or  aore  SMAV  is  available,  cal 
eulate  the  Genus  Mean  Acute  Value  (6MAV)  as  the  geoaetric 
aean  of  the  SNAVs. 
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Order  the  GMAVe  froa  high  to  lo*  and  asalgn  raaha  (R)  to  the 
GlIAVa  froa  I"  for  the  lowest  to  *111"  for  the  highest.  If  two 
or  Bore  GHAVs  are  identical,  arbitrarily  assign  then  snoces- 
siwe  ranks. 

12.  Calcnlate  the  caanlatiwe  probability  (P)  for  eadi  GMAV  as 
R/(N*-1). 


13.  Select  the  fonr  GHAVs  whidi  have  cnanlative  probabilities 
closest  to  0.05  (if  there  are  <59  GHAVs,  these  will  always  be 
the  fonr  lowest  GHAVs). 

14.  Using  the  selected  GHAVs  and  Ps,  calcnlate 

-  2((ln  GMAV)2) .  GMAV))V4) 

2(P)  -  ((2(yT>))V4 
L  -  (2(ln  GMAV)  -  S(2(VT»)))/4 
A  -  S(V"0.05)  +  L 
FAV  -  e* 

15.  If  for  an  important  species,  snch  as  a  recreationally  or  coa~ 
aercially  important  species,  the  geoaetric  mean  of  acnte 
valnes  from  flow-throngh  tests  in  which  concentrations  of 
test  material  were  measnred  is  lower  than  the  FAV,  then  that 
geoaetric  aean  shonld  be  need  as  the  FAV. 

16.  Go  to  Section  7. 


6.  FINAL  ACHTTE  EQUATION 


1.  Vh  en  enon^  data  show  that  acnte  toxicity  to  two  or  more 

species  is  siailarly  related  to  a  water  quality  dharacteris- 
tic,  the  relationship  should  be  considered  as  described  below 
or  using  analysis  of  covariance  (Dixon  and  Brown  1979,  Neter 
and  fasserman  1974).  If  two  or  more  factors  affect  toxicity, 
multiple  regression  analyses  shonld  be  used. 


2.  For  each  species  for  which  comparable  acute  toxicity  valnes 
are  available  at  two  or  wore  different  valnes  of  the  water 
quality  characteristic,  perform  a  least  squares  regression  of 
acute  toxicity  values  on  values  of  the  water  quality  charac¬ 
teristic. 
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Oeeid*  whether  th*  data  for  aaeh  apaclea  ia  oaefnl.  coaalder- 
lag  tk#  range  and  nnnber  of  teated  Taliiea  of  the  water  qoal- 
Ity  eh araot eristic  and  degree  of  agreement  within  and  between 
apeeles.  In  addition,  qneationable  reanlts,  in  eonpariton 
with  other  acnte  and  chronic  data  for  the  species  and  other 
species  in  the  same  genus,  probablj  should  not  be  used. 


ladiwldually  for  each  apecies  calculate  the  geometric  mean  of 
the  acute  waluea  and  then  diwide  each  of  the  acute  values  for 
a  species  by  the  mean  for  the  species.  This  normalises  the 
acute  values  so  that  the  geometric  mean  of  the  normalised 
values  for  each  species  iudividually  and  for  aiqr  combination 
of  speeiea  is  1.0 


Similarly  normalise  the  values  of  the  water  quality  charac¬ 
teristic  for  each  species  individually. 


Individually  for  each  speeiea  perform  a  least  squares  regres¬ 
sion  of  the  normalised  acute  toxicity  values  on  the 
corresponding  normalised  values  of  of  the  water  quality 
characteristic.  The  resulting  slopes  and  95  percent  confi¬ 
dence  limits  will  be  identical  to  those  obtained  in  2.  above. 
Now.  however,  if  the  data  are  actually  plotted,  the  line  of 
best  fit-  for  each  individual  species  will  go  through  the 
point  1.1  in  the  center  of  the  gragh. 


Treat  all  the  normalised  data  as  if  they  were  all  for  the 
same  species  and  perform  a  least  squares  regression  of  all 
the  normalised  acute  values  on  the  corresponding  normalised 
values  of  the  water  quality  characteristic  to  obtain  the 
pooled  acute  slope  (V)  and  its  95  percent  confidence  limits. 
If  all  the  normalised  data  are  actually  plotted,  the  line  of 
best  fit  will  go  through  the  point  1.1  in  the  center  of  the 
graph . 


For  each  species  calculate  the  geometric  mean  (f)  of  the 
acute  toxicity  values  and  the  geometric  mean  (X)  of  the  rela¬ 
ted  values  of  the  water  quality  characteristic  (calculated  in 
4.  and  5.  above). 


For  each  species  calculate  the  logarithmic  intercept  (T)  of 
the  SNAV  at  a  selected  value  (Z)  of  the  water  quality  charac¬ 
teristic  using  the  equation:  T  «  In  Y  -  V(ln  X  -  In  Z) . 

For  each  species  calculate  the  SNAV  using;  SMAV  «  e^. 


11. 


Obtain  tba  FAV  at  Z  bj  naing  tba  prooadora  daacrlbad  in  S ac¬ 
tion  S.  (No.  10-14). 


12.  If  tha  SMAV  fox  an  iaportant  apacias  ia  lowar  than  tba  FAV  at 
Z,  than  that  SMAV  ahonld  bo  naad  aa  tba  FAV  at  Z. 


13.  Iba  Final  Aenta  Eonatlon  la  written  aa:  FAV  ■  o(V[ln(watar 
qnalitp  ebaractariatic)  ♦  In  A  -  V[ln  Zl),  ,hera  V  -  pooled 

aenta  alopa  and  A  >  FAV  at  Z.  Baeanaa  V.  A,  and  Z  are  known, 
tba  FAV  can  be  calcnlatad  for  any  aalactad  walna  of  tba  water 
qnality  ebaractariatic. 


7.  FINAL  CHRONIC  VALDE 


1.  Depending  on  awallabla  data,  tba  Final  (bronie  Valna  (FCV) 
■i|bt  be  calcnlatad  in  tba  aaaa  aiannar  aa  tba  FAV  or  by  divi¬ 
ding  tba  FAV  by  tba  Final  Aenta-Cbxonic  Ratio. 

NOTE;  Aenta-cbronic  ratioa  and  application  factora  are  waya 
of  relating  aenta  and  chronic  tozieitiaa  of  a  natarial  to 
aqnatie  organiaaa.  Safety  factora  are  naad  to  provide  an 
extra  nargin  of  aafaty  beyond  known  or  aatiaatad  aanaitivi- 
tiaa  of  aqnatie  organiaaa.  Another  advantage  of  tba  acnta- 
cbronie  ratio  la  that  it  ahonld  nanally  be  greater  than  one; 
tbia  Aonld  avoid  confnaion  aa  to  whether  a  large  application 
factor  la  one  that  ia  eloae  to  nnlty  or  one  that  baa  a  denon- 
inator  that  ia  nncb  greater  than  the  nvaerator. 


2.  (bronic  valnea  ahonld  be  baaed  on  reanlta  of  flow-throng 
(except  renewal  ia  acceptable  for  dagbnida)  chronic  teat  a  in 
which  eoncentrationa  of  teat  naterial  were  properly  aaeanred 
at  appropriate  tinea  dnring  teating. 

3.  Reanlta  of  chronic  teata  in  which  anrvival,  growth,  or  rapro- 
dnotion  in  control  a  wax  nnaccaptably  low  ahonld  not  be  need. 
Liaita  of  acceptability  will  depend  on  tha  apeclaa. 


4.  Raanlta  of  chronic  taata  condnctad  in  nnnanal  dllntion  water 
ahonld  not  be  need,  nnleaa  a  relationahip  ia  developed 
between  toxicity  and  the  nnnanal  ebaractariatic  or  nnlaaa 
data  ahow  tha  diaractaxiatic  doaa  not  affaet  toxicity. 


5.  (bronic  valnaa  ahonld  ba  baaad  on  endpointa  and  axpoanra 
dnrationa  appropriate  to  tha  apaciaa.  Tharafora,  only 
reanlta  of  tha  following  kinda  of  chronic  toxicity  taata 
ahonld  ba  naad: 
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«.  Lifc-eyele  toxicity  tests  consisting  of  exposures  of  tvo 
ox  aore  gronps  of  s  species  to  •  different  concentration 
of  test  aaterial  thronghont  a  lifo  cycle.  Tests  with 
fiib  Aonld  begin  with  eabryoa  or  newly  hatched  young  <48 
hr  old.  continue  through  aaturation  and  reproduction,  and 
should  end  not  <24  days  (90  days  for  salaonids)  after  the 
hatching  of  the  next  generation.  Teats  with  daphnids 
should  begin  with  young  <24  hr  old  and  last  for  not  <21 
days.  For  fish,  data  dieuld  be  obtained  and  analysed  on 
snrriwal  and  growth  of  adults  end  young,  aaturation  of 
aales  and  feaales.  eggs  spawned  per  feaale.  eabryo  via¬ 
bility  (salaonids  only),  and  hatdi ability.  For  daphnids. 
data  Aould  be  obtained  and  analysed  on  survival  and 
young  per  feaale. 


b.  Partial  life-cycle  toxicity  tests  consisting  of  exposures 
of  two  or  aore  groups  of  a  species  to  a  different  concen¬ 
tration  of  test  naterial  throughout  a  life  cycle.  Par¬ 
tial  life-cycle  tests  are  allowed  with  fish  species  that 
require  aore  than  a  year  to  rea^  sexual  aatuxity,  so 
that  all  aajor  life  stages  can  be  exposed  to  the  test 
aaterial  in  less  than  15  aonths.  Exposure  to  the  test 
aaterial  should  begin  with  juveniles  at  leaat  2  aonths 
prior  to  active  gonadal  developaent.  continue  through 
aaturation  and  reproduction,  and  should  end  not  <24  days 
(90  days  for  salaonids)  after  the  hatdiing  of  the  next 
generation.  Data  should  be  obtained  and  analysed  on  sur¬ 
vival  and  growth  of  adults  and  young,  aaturation  of  aales 
and  feaales,  eggs  spawned  per  feaale.  eabryo  viability 
(salaonids  only),  and  hatdiability. 

e.  Early  life-stage  toxicity  tests  consisting  of  28-  to  32- 
day  (60  days  posthat^  for  salaonids)  exposures  of  early 
life  stages  of  a  species  of  fish  froa  diortly  after  fer¬ 
tilisation  through  eabryonic.  larval,  and  early  juvenile 
developaent.  Data  should  be  obtained  on  growth  and  sur¬ 
vival. 

NOTE;  Results  of  sn  early  life-stage  test  are  used  as 
predictors  of  results  of  lifo-cycle  and  partial  life¬ 
cycle  tests  with  the  saae  species.  Therefore,  when 
results  of  a  life-cycle  or  partial  life-cycle  test  are 
available,  results  of  an  early  life-stage  test  with  the 
saae  species  should  not  be  used.  Also,  results  of  early 
life-stage  tests  in  which  the  incidence  of  aortalities  or 
abnoraal itiet  increased  substantially  near  the  end  of  the 
test  should  not  be  used  because  results  of  sudi  tests  aay 
be  poor  estiaates  of  results  of  a  coaparable  life-cycle 
or  partial  life-cycle  test. 
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<•  A  ehroalc  uvy  b*  obtained  by  ealcnlatlnt  the  geoaetric 

aeaa  of  loner  and  npper  dironle  llaits  ftoa  a  Tronic  test  ox 
by  analyzing  dironic  data  neing  regreetion  analyeie.  A  lover 
chronic  linit  ia  the  higheet  tested  concentration  (a)  in  an 
acceptable  chronic  teat,  (b)  lAich  did  not  canae  an  nnaccep- 
table  aaoont  of  an  adverae  effect  on  any  specified  biological 
aeasoraaents.  and  (c)  belov  yAidh  no  tested  concentration 
cansed  snch  an  nnaeceptable  effect.  An  npper  chronic  liait 
ia  the  lovaat  tested  concentration  (a)  in  an  acceptable 
Ohronic  test,  (b)  vhi^  did  canae  an  nnaeceptable  aaonnt  of 
an  adverse  effect  on  one  or  aore  of  specified  biological 
aeasnrcaents.  and  (e)  above  which  all  tested  concentrations 
cansed  snch  an  effect. 


7.  If  chronic  toxicity  of  aaterial  to  aqnatie  aniaals  appears  to 
be  related  to  a  water  qnality  characteristic,  a  Final  Qironic 
Equation  dionld  be  derived  based  on  that  water  quality 
characteristic.  Go  to  Section  8. 


8.  If  chronic  values  are  available  for  species  in  eight  faailies 
as  described  in  Section  4  (No.  1).  a  Species  Mean  Chronic 
Value  (SM<^)  should  be  calcnlated  for  ea^  species  for  which 
at  least  one  chronic  value  is  available  by  calculating  the 
geoaetric  nean  of  all  Ohronic  values  for  the  species  and 
appropriate  Genus  Mean  Chronic  Valnes  should  be  calculated. 
The  FCV  should  then  be  obtained  using  procedures  described  in 
Section  5  (No.  10-14).  Then  go  to  Section  7  (No.  13). 


9.  For  each  chronic  value  for  which  at  least  one  corresponding 
appropriate  acute  value  is  available,  calculate  an  acute- 
chronic  ratio,  using  for  the  niaerstor  the  gecactric  nean  of 
results  of  all  acceptable  flov-throu|h  (except  static  is 
acceptable  for  daphnids)  acute  tests  in  the  saae  dilution 
water  and  in  which  concentrations  were  aeasured.  For  fish, 
the  scute  test(s)  should  have  been  conducted  with  juveniles. 
Acute  test(s)  should  have  been  part  of  the  ssue  studjr  as  the 
chronic  test.  If  acute  tests  were  not  conducted  as  part  of 
the  saae  study,  scute  tests  conducted  in  the  saass  laboratory 
and  dilution  water  stay  be  used.  If  scute  tests  were  not  con¬ 
ducted  as  part  of  the  saaie  studfi  acute  tests  conducted  in 
the  saae  dilution  water  but  a  different  laboratory  aay  be 
used.  If  such  scute  tests  are  not  available,  an  acute- 
chronic  ratio  should  not  be  calculated. 


10.  For  each  species,  calculate  the  species  aean  acute-chronic 
ratio  as  the  geoaetric  aean  of  all  acute-chronic  ratios  for 
that  species. 
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11.  For  soao  ■atorlalt  the  ecote-chroale  ratio  is  aboat  the  saae 
for  all  spoeiaa.  bot  for  other  aaterials  the  ratio  iaoreases 
or  deeraasea  as  tha  SMAV  ineraasas.  Thas»  tha  Final  Acnta-* 
Chronic  latio  can  ba  obtained  in  three  ways,  depending  on  the 
data. 

a.  If  tha  species  aean  acnte-chronic  ratio  increases  or 
decreases  as  tha  SMAV  ineraasas,  the  final  Acnte-Chronie 
Katio  dionld  be  ealcnlated  as  the  geoaetric  aean  of  all 
species  whose  SMAVs  are  close  to  the  FAV. 

b.  If  no  aajor  trend  is  apparent  and  the  acnte-chronic 
ratios  for  a  niaber  of  species  are  within  a  factor  of 
ten,  the  Final  Acnte-Chronic  Ratio  shonld  be  ealcnlated 
as  the  geoaetric  aean  of  all  species  aean  acnte-chronic 
ratios  for  both  freshwater  and  saltwater  species. 

c.  If  the  aost  appropriate  species  aean  acnte-chronic  ratios 
are  <2.0,  and  especially  if  they  are  <1.0,  aeeliaation 
has  probably  ocenrred  dnring  the  chronic  test.  Becanse 
continnons  ezposnre  and  aeeliaation  cannot  be  assnred  to 
provide  adeqnete  protection  in  field  sitnations,  the 
Final  Aenta-Chroaie  Ratio  shonld  be  set  at  2.0  so  that 
the  FCV  la  oqnal  to  the  Criterion  Naziana  Concentration. 

If  the  acnte-chronic  ratios  do  not  fit  one  of  these  cases,  a 
Final  Acnte-Chronic  Ratio  probably  cannot  be  obtained,  and  a 
FC?  probably  cannot  be  ealcnlated. 


12.  Calcnlste  the  FCV  by  dividing  the  FAV  by  the  Final  Aente- 
Ghronic  Ratio. 


13.  If  the  SMAV  of  an  iaportant  species  is  lover  than  the  calcn- 
lated  FCV,  then  that  SNCV  shonld  be  nsed  ss  the  FCV. 


14.  Go  to  Section  9. 


8.  FINAL  OntOWlC  BttDATIOH 


1.  A  Final  Chronic  Eqnatlon  can  be  derived  in  two  ways.  The 
procednre  described  in  this  section  will  resnlt  in  the 
chronic  slope  being  the  saae  as  the  aente  slope. 

a.  If  acnte-chronic  ratios  for  enon^  species  at  enon^ 

valnes  of  the  water  quality  characteristics  indicate  that 
the  acnte-chronic  ratio  is  probably  the  sane  for  all 
species  and  independent  of  the  water  quality 
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ohar«ot*rl*tic.  cale«l«t«  tba  Final  Aente-Oixoaic  Ratio 
aa  the  geoaetrie  aean  of  the  epeciea  mean  acnte-chronic 
ratios. 

b.  Calcnlate  the  FCV  at  the  selected  value  Z  of  the  water 
quality  eharaoteristie  by  dividing  the  FAV  at  Z  by  the 
Final  Acnte-Oironic  Ratio. 

c.  Use  V  >  pooled  acnte  slope  as  L  >  pooled  chronic  slope. 

d.  Go  to  Section  8,  No.  1,  itea  a. 


2.  The  procedure  described  in  this  section  will  nsnally  result 
in  the  chronic  slope  being  different  froa  the  acnte  slope. 


a.  When  enongh  data  are  available  to  diow  that  chronic  toxi¬ 
city  to  at  least  one  species  is  related  to  a  water  qual¬ 
ity  characteristic,  the  relstiondilp  should  be  considered 
as  described  below  or  using  analysis  of  covariance  (Dixon 
and  Brown  1979,  Neter  and  Wasseraan  1974).  If  two  or 
aore  factors  affect  toxicity,  aultiple  regression 
analyses  dionld  be  used. 

b.  For  each  species  for  which  coaparsble  chronic  toxicity 
values  are  available  at  two  or  aore  different  values  of 
the  water  quality  characteristic,  perfora  a  least  squares 
regression  of  chronic  toxicity  values  on  values  of  the 
water  quality  eharaoteristie. 

c.  Decide  idiether  data  for  each  species  is  useful,  taking 
into  account  range  and  nuaber  of  tested  values  of  the 
water  quality  characteristic  and  degree  of  agreeaent 
within  and  between  species.  In  addition,  questionable 
results,  iu  coaparison  with  other  acute  and  chronic  data 
for  the  species  and  other  species  in  the  saae  genus,  pro¬ 
bably  should  not  be  used.  If  s  useful  chronic  slope  is 
not  available  for  at  least  one  species  or  if  the  slopes 
are  too  dissiailar  or  if  data  are  inadequate  to  define 
the  relationship  between  chronic  toxicity  and  water  qual¬ 
ity  characteristic,  return  to  Section  7  (No.  8),  using 
results  of  tests  conducted  under  conditions  and  in  water 
siailar  to  those  coaaonly  used  for  toxicity  tests  with 
the  species. 

d.  For  each  species  calculate  the  geoaetric  aean  of  the 
available  chronic  values  and  then  divide  each  chronic 
value  for  a  species  by  the  aean  for  the  species. 
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Tliit  aora«lls*s  the  chronic  Tcluee  to  that  the  geoaetrlc 
■eta  of  the  aoratllzed  Ttlnet  for  each  tpeciet  aad  for 
aajr  coablaatioa  of  tpeciet  it  1.0. 

e.  Siailarlp  aoraalite  the  Ttlaet  of  the  water  quality 
charaoteriatic  for  eaOh  tpeciet  iadiridaally. 


f.  ladiwidatlly  for  each  tpeciet  perfora  a  leatt  tqnaret 
regrettioa  of  the  aoraalized  chronic  toxicity  Talnet  on 
the  corretpondiag  noraalized  valnet  of  the  water  quality 
characteriatic.  The  retulting  tlopet  and  95  percent  conr 
fideace  liaitc  will  be  Identical  to  thote  obtained  la  1. 
above.  Now.  however,  if  the  data  are  actually  plotted, 
the  line  of  beet  fit  for  each  individual  tpeciet  will  go 
throng  the  point  1.1  in  the  center  of  the  grtjh. 


g.  Treat  all  the  noraalized  data  at  if  they  were  all  for  the 
taae  tpeciet  and  perfora  a  leatt  tqnaret  regrettioa  of 
all  the  aoraalized  chronic  valnet  on  the  corretpondlng 
noraalized  valnet  of  the  water  quality  dharacterittic  to 
obtain  the  pooled  chronic  tlope  (L)  and  itt  95  percent 
confidence  liaitt.  If  all  the  aoraalized  data  are  actu¬ 
ally  plotted,  the  line  of  beat  fit  will  go  throng  the 
point  1.1  in  the  center  of  the  gragh. 


h.  For  each  tpeciet  calculate  the  gecaetric  aeaa  (M)  of  tox¬ 
icity  valuea  and  the  geoaetric  aean  (P)  of  related  valuet 
of  the  water  quality  characteriatic. 


i.  For  each  tpeciet  calculate  the  logaritha  (Q)  of  the  SMCVt 
at  a  aelected  value  (Z)  of  the  water  quality  characterit- 
tic  uting  the  equation:  Q  ~  In  N  -  L(ln  P  -  In  Z). 

J.  For  each  tpeciet  calculate  a  SNCV  at  Z  at  the  antilog  of 
Q  (SMCP  -  tO). 


k.  Obtain  the  FCV  at  Z  by  uting  the  procedure  detcribed  in 
Section  5  (No.  10-14). 

l.  If  the  SMCP  at  Z  of  an  iaportant  tpeciet  it  lover  than 
the  calculated  FCV  at  Z.  then  that  SN(^  thould  be  nted  at 
the  FCV  at  Z. 

a.  The  Final  (hronic  Equation  it  written  at:  FCV  * 

•  (L[ln(water  quality  characteriatic)]  In  S  -  L[lnZ])^ 

where  L  *  aean  chronic  tlope  and  S  *  FCV  at  Z. 
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9.  FINAL  PLANT  YALDE 


1.  Appropriate  aeasorea  of  toxicity  of  tlie  aaterial  to  aquatic 
plaata  are  aaed  to  coapar#  relatiTe  aeaaitiTitiea  of  aqutic 
plaata  and  aaiaala.  AltAoa^  procedarea  for  coadaetiag  aad 
iaterpretiag  reaalta  of  toxicity  teata  with  plaata  axe  aot 
veil  developed,  reaalta  of  aadi  teata  naually  iadicate  that 
criteria  which  adeqaately  protect  aqaatic  aaiaala  aad  their 
vaea  alao  protect  aqaatic  plaata  aad  their  area. 


2.  A  plaat  valae  ia  the  reaalt  of  ai^  teat  coadacted  with  aa 
alga  or  aa  aqaatic  vaacalar  plaat. 


3.  Obtaia  the  Final  Plant  Valae  by  aelecting  the  loveat  reaalt 
obtained  in  a  teat  on  an  iaportaat  aqaatic  plant  apeciea  in 
which  concent rati one  of  teat  aaterial  were  aeaanxed  and  the 
endpoint  ia  biologically  iaportant. 


10.  FINAL  miDOE  VALDE 


1.  The  Final  Residae  Valae  (FRY)  ia  intended  to  (a)  prevent  coa- 
ceatratioas  ia  coaaerclally  or  recreatioaally  iaportaat  aqaa¬ 
tic  apeciea  fxoa  exceeding  applicable  FDA  action  levels  aad 
(b)  protect  wildlife,  iacladiag  fiah  and  birds,  that  consaae 
aqaatic  organiaaa  froa  deaoaatrated  aaaceeptable  effects. 

The  FRY  is  the  lowest  of  residae  valaea  that  are  obtained  by 
dividing  aaxlaaa  peraiaaible  tisane  concentratioaa  by 
appropriate  biocoace atrat ion  or  bioaccaaalatioa  factors.  A 
aaxlaaa  peraiaaible  tiasae  eoacentratioa  ia  either  (a)  a  FDA 
action  level  (FDA  a da  ini at rat ive  gaideliaea)  for  fish  oil  or 
for  the  edible  portion  of  fish  or  ahellfidi  or  (b)  a  aaxlaaa 
acceptable  dietary  intake  (ADI)  based  on  observations  on  snx- 
vival,  growth,  or  reprodactloa  ia  a  chronic  wildlife  feeding 
atady  or  a  loag-tera  wildlife  field  stady.  If  ao  aaxlaaa 
pexalsslble  tiasae  eoacentratioa  ia  available,  go  to  Section 
11.,  becaaae  a  Final  Reaidae  Valae  cannot  be  derived. 


2.  Biocoacentration  Factors  (BCFa)  aad  Bioaccnanlatioa  Factors 
(BAFs)  are  the  qaotients  of  the  concentration  of  a  aaterial 
ia  one  or  aore  tissnet  of  aa  aqaatic  organisa  divided  by  the 
average  concentration  ia  the  eolation  to  which  the  organisa 
has  been  exposed.  A  BCF  is  intended  to  accoant  only  for  net 
nptake  directly  froa  water,  aad  thns  alaost  has  to  be 
aeasnred  in  a  laboratory  test.  A  BAF  is  intended  to  accoant 
for  net  aptake  froa  both  food  and  water  in  a  real-world 
sitaation,  and  alaost  has  to  be  aeasnred  in  a  field  sitaation 
in  which  predators  accaaalate  the  aaterial  directly  froa 
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w«t«r  and  by  costiaiat  prey.  Becenae  ao  few  acceptable  BAFa 
are  awailable.  oaly  BCFa  will  be  diacaaaed  farther,  bat  aa 
acceptable  BAF  caa  be  aaed  ia  place  of  a  BCF. 


3.  If  a  BaxiaaB  peraiatible  tiaaae  coaceatratioa  ia  awailable 
for  a  aabataaoe  (e.g.  pareat  aaterial  or  pareat  aaterial  plaa 
aetabolite),  the  tiaaae  coaceatratioa  aaed  ia  BCF  ealcala- 
tioaa  Aoald  be  for  the  aaae  aabataace.  Otherwise  the  tiaaae 
coaceatratioa  aaed  ia  the  BCF  calcalatioa  shoald  be  that  of 
the  aaterial  aad  its  aetabolitea  which  are  stractarally  siai- 
lar  aad  are  aot  aach  aore  salable  ia  water  thaa  the  pareat 
aaterial. 


a.  A  BCF  ahoald  be  aaed  oaly  if  the  teat  was  f low-throagh, 
the  BCF  was  calcalated  based  oa  aeasared  conceatratioaa 
of  test  aaterial  ia  tissae  aad  ia  the  test  solatioa,  aad 
ezposare  coatiaaed  at  least  aatil  either  appareat 
steady- state  (BCF  does  aot  chaage  sigaif icaatly  over  a 
period  of  tiae,  sadi  as  two  days  or  16  perceat  of  expo- 
sare  daratioa,  whichever  is  loager)  or  28  days  was 
reached.  The  BCF  ased  froa  a  test  shoald  be  the  highest 
of  (a)  the  appareat  ateady-state  BCF,  if  appareat 
steady-state  was  reached;  (b)  highest  BCF  obtaiaed,  if 
appareat  steady-state  was  aot  readied;  aad  (c)  projected 
ateady-state  BCF,  if  calcalated. 

b.  Iheaever  a  BCF  is  deteraiaed  for  a  lipophilic  aaterial, 
perceatage  of  lipids  shoald  also  be  deteraiaed  ia  the 
tissae(s)  for  which  the  BCF  is  calcalated. 

c.  A  BCF  obtaiaed  froa  aa  exposare  that  adversely  effected 
the  test  orgaaisas  aay  be  ased  oaly  if  it  is  siailar  to 
that  obtaiaed  with  aaaffected  iadividaals  at  lower  coar 
ceatratioaa  that  did  caase  effects. 

d.  Becaase  aaxiaaa  peralssible  tissae  coaceatratioas  are 
rarely  based  oa  dry  weights,  a  BCF  calcalated  aaiag  dry 
tlasae  weights  aast  be  coaverted  to  a  wet  tissae  weight 
basis.  If  ao  coaversioa  factor  is  reported  with  the  BCF, 
aaltiply  the  dry  weight  by  0.1  for  plaahtoa  aad  by  0.2 
for  speciea  of  fiahes  aad  iavertebrates. 

e.  If  aore  thaa  oae  acceptable  BCF  is  available  for  a 
species,  the  geoaetric  aeaa  of  valaes  shoald  be  ased, 
aaless  the  BCFs  are  froa  differeat  exposare  daratioas, 
thea  the  BCF  for  the  loagest  exposare  shoald  be  ased. 
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4.  If  enoQi^  pertinent  dntn  exist,  seversl  residue  Tslnes  can  be 
ealcnlsted  by  diyiding  anxiBia  peraissible  tissue  concentra¬ 
tions  by  appropriate  BCTs: 

a.  For  each  available  aaziaaa  ADI  derived  froa  a  feeding 
study  or  a  long-tera  field  study  with  wildlife,  including 
birds  and  aquatic  organisas,  the  appropriate  BCF  is  based 
on  the  idiole  body  of  aquatic  species  which  constitute  or 
represent  a  aajor  portion  of  the  diet  of  tested  wildlife 
species. 

b.  For  an  FDA  action  level  for  fish  or  shellfish,  the 
appropriate  BCF  is  the  highest  geoaetric  aean  species  BCF 
for  the  edible  portion  of  a  eonsiaed  species.  The 
highest  species  BCF  is  used  because  FDA  action  levels  are 
applied  on  a  species-by-species  basis. 


5.  For  lipophilic  aaterials,  it  aay  be  possible  to  calculate 

additional  residue  values.  Because  the  steady-state  BCF  for 
a  lipophilic  aaterial  seeas  to  be  proportional  to  percentage 
of  lipids  froa  one  tissue  to  another  and  froa  one  species  to 
another  (Haaellnh  et  al.  1971,  Lnndsford  and  Blea  1982, 
Schnoor  1982),  extrapolations  can  be  aade  froa  tested  tissues 
or  species  to  untested  tissues  or  species  on  the  basis  of 
percentage  of  lipids. 

a.  For  each  BCF  for  which  percentage  of  lipids  is  known  for 
the  saae  tissue  for  which  the  BCF  was  aeasured,  noraalize 
the  BCF  to  a  one  percent  lipid  basis  by  dividing  the  BCF 
by  percentage  of  lipids.  This  adjustaent  aakes  all  the 
aeasured  BCFs  coaparable  regardless  of  species  or  tissue. 

b.  Calculate  the  geoaetric  aean  noraalized  BCF. 

c.  Calculate  all  possible  residue  values  by  dividing  availa¬ 
ble  aaxlaua  peraissible  tissue  concentrations  by  the  aean 
noraalized  BCF  and  by  the  percentage  of  lipids  values 
appropriate  to  the  aaxiaua  peraissible  tissue  concentra¬ 
tion. 

W  For  an  FDA  action  level  for  fish  oil,  the  appropri¬ 
ate  percentage  of  lipids  value  is  100. 


«  For  sn  FDA  action  level  for  fish,  the  appropriate 
percentage  of  lipids  value  is  11  for  freshwater  cri¬ 
teria,  based  on  the  highest  levels  for  iaportant 
consuaed  species  (Sidwell  1981). 
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#  For  t  ■aziani  ADI  derived  froa  e  chronic  feeding 
stndj  or  long-term  field  etndy  with  wildlife,  the 
appropriate  '^'^rcentage  of  lipida  ia  that  of  an  aqua¬ 
tic  apeciea  or  group  of  aquatic  apeciea  which  con- 
atitute  a  major  portion  of  the  diet  of  the  wildlife 
apeciea. 


6.  The  FRY  ia  obtained  by  aelecting  the  loweat  of  available 
reaidue  valnea. 


11.  OTHER  DATA 

Pertinent  information  that  could  not  be  need  in  earlier  aectiona 
may  be  available  concerning  adverae  effecta  on  aquatic  organiama  and 
their  uaea.  The  moat  important  of  theae  are  data  on  cumulative  and 
delayed  toxicity,  flavor  impairment,  reduction  in  anrvival.  growth,  or 
reproduction,  or  aay  other  biologically  important  adverae  effect. 
Eapecially  important  are  data  for  apeciea  for  wbidi  no  other  data  are 
available. 


12.  CRITERION 


1.  A  criterion  conaiata  of  two  concentrationa:  the  Criterion 

Maximum  Concentration  and  the  Criterion  Continnona  Concentra¬ 
tion. 


2.  The  Criterion  Maximum  Concentration  (CMC)  ia  equal  to  one- 
half  of  the  FAY. 


3.  The  Criterion  Continuoua  Concentration  (CCC)  ia  equal  to  the 
lover  of  the  FCY.  the  Final  Plant  Yalne.  and  the  FRY  unleaa 
other  data  ahov  a  lover  value  diould  be  used.  If  toxicity  ia 
related  to  a  water  quality  cbaracteriatic.  the  CCC  ia 
obtained  from  the  Final  Chronic  Equation,  the  Final  Plant 
Yalne,  and  the  FRY  by  selecting  the  value  or  concentration 
that  results  ia  the  lowest  concentrationa  la  the  usual  range 
of  the  water  quality  characteristic,  unless  other  data  (see 
Section  11)  show  that  a  lover  value  should  be  used. 


4.  Round  both  the  CCC  and  CMC  to  two  significant  figures. 
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S.  criterion  it  ttttod  at: 

Tilt  procedures  described  in  the  Gnidelinet  for  Derivini 
Wnnericsl  Nstionsl  Water  Quality  Criteria  for  the  Protection 
of  Annatic  Orsanisns  Their  Uses  indicate  that  (except 
possibly  nhere  a  locally  iaportant  tpeoiet  is  yery  sensitiye) 

(1)  aquatic  organisas  and  their  uses  should  not  be  affected 
unacceptably  if  the  fonr~day  ayerage  concentration  of  (2) 
does  not  exceed  (3)  pg/L  more  than  once  eyery  three  years  on 
the  ayerage  and  if  the  one-hour  ayerage  concentration  does 
not  exceed  (4)  pg/L  aore  than  once  eyery  three  years  on  the 
ayersge. 

Where 

(1)  *  insert  freshwater  or  saltwater, 

(2)  «  naae  of  aaterial, 

(3)  *  insert  the  Criterion  Continuous  Concentration,  and 

(4)  *  insert  the  Criterion  Maxiana  (Concentration. 
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APPENDIX  B: 

SUMiAKT  S£  PSEPA  METHODOLOGT  £QK  DBTBMiTNlWG  mS  OTALFTY 
CBITEBIA  FOB  THE  PBOTECTION  ^  HUMAN  HEAtTH 


Th«  follovlmg  tnury  it  t  toadtattd  Ttrsloa  of  tko  IftO  flmal  US 
BaviroaBoattl  Prottotloa  Afoaej  (OSIPA)  gaiAoliatt  for  oaloalttlag  t 
vator  taalitj  erltorla  to  prottet  kaaaa  koaltk  tad  it  tlaatod  tovtrdt 
tko  tpteifie  rogalttorp  attdt  of  tko  DS  Arap.  Tko  gaidaliaot  tro  tko 
■ott  roeoat  dooaaoat  oatliaiag  tko  roqairtd  proetdarot  tad  vtrt  pak- 
litkod  ia  tko  Pedertl  Betitter  (OSBPA  IPtO) .  For  grtator  dtttll  oa 
iadiridatl  poiata  ooatmlt  tkat  roforoaeo. 


1.  INTBODDCTIOW 

Ike  EPA' a  water  quality  criteria  for  tke  protection  of  hnaan  health  are 
baaed  oa  one  or  aore  of  the  following  propertiea  of  a  cheaical  pollu¬ 
tant  : 

a)  Carcinogenicity,  b)  Toxicity,  and  c)  Organoleptic  (taate  and 
odor)  effecta. 

The  aeaninga  and  practical  naea  of  the  criteria  valnet  are  dia- 
tinctly  different  depending  on  the  propertiea  oa  which  they  are  baaed. 
Criteria  baaed  aolely  on  organoleptic  effecta  do  not  neceaaarily 
repreaent  approxlaationa  of  acceptable  riak  levela  for  huaan  health.  In 
all  other  eaaea  the  criteria  walnea  repreaent  either  eatiaationa  of  the 
aaxiaua  allowable  ambient  water  conceatrationa  of  a  pollutant  which 
would  prewent  adverae  health  effecta  or,  for  suapect  and  proven  carcino- 
gena,  eatiaationa  of  the  increaaed  cancer  riak  aaaociated  with  inoreaen- 
tal  changea  la  the  aabieat  water  concentration  of  the  aubataace.  Social 
and  economic  coats  and  benefits  are  not  considered  in  deteraiaiag  water 
quality  criteria.  In  establishing  water  quality  standards,  the  dioice 
of  the  criterion  to  be  used  depends  on  the  designated  water  use.  In  the 
case  of  a  aultiple-use  water  body,  the  criterion  protecting  the  aoat 
sensitive  use  ia  applied. 


2.  DATA  NEEDED  FOB  HUMAN  HEALTH  CRITERIA 

Criteria  docuaentstlon  requires  inforaation  oa:  (1)  exposure 
levels,  (2)  phaxaacokinetics,  sad  (3)  range  of  toxic  effects  of  a  given 
water  pollutant. 


2.1  EXPOSURE  DATA 

For  an  accurate  assessaent  of  total  exposure  to  a  cheaical,  con¬ 
sideration  must  be  given  to  all  possible  exposure  routes  including 
ingestion  of  contaainated  water  and  edible  aquatic  and  nonaquatic  organ- 
iaa,  as  well  as  exposure  throng  inhalation  and  deraal  contact.  For 
water  quality  criteria  the  aost  laportant  exposure  routes  to  be  con¬ 
sidered  are  ingestion  of  water  and  consuaption  of  fish  and  shellfish. 


Generally,  exposure  thro«|^  inhalation,  deraal  contact,  and  non-aqnatic 
diet  ia  eitker  nnknovn  or  so  low  as  to  be  insignificant;  hoeever,  vhen 
sneh  data  axe  STailable.  they  anst  be  included  in  the  criteria  eTSlna- 
tion. 


Tbe  EPA  gnidelines  for  developing  water  quality  criteria  are  based 
on  the  following  assuaptions  whidi  are  designed  to  be  protective  of  a 
healthy  adult  aale  who  is  subject  to  average  exposure  conditions: 


1.  The  exposed  individual  is  a  70-hg  aale  person  (International 
Coaaission  on  Radiological  Protection  1977). 

2.  The  average  daily  consoaption  of  freshwater  and  estuarine  fish 
and  shellfidi  products  is  equal  to  6.5  grans. 

3.  Ihe  average  daily  ingestion  of  water  is  equal  to  2  liters 
(Drinking  Water  and  Health,  National  Research  Council  1977). 

Because  fish  and  shellfi^  consiaption  is  an  iaportant  exposure  factor, 
inforaation  on  bioconcentration  of  the  pollutant  in  edible  portions  of 
ingested  species  is  necessary  to  calculate  the  overall  exposure  level. 
Ihe  bioconcentration  factor  (BCF)  is  equal  to  the  quotient  of  the  con¬ 
centration  of  a  substance  in  all  or  part  of  an  organisa  divided  by  the 
concentration  in  aabient  water  to  which  the  organisa  has  been  exposed. 
The  BCP  is  a  function  of  lipid  solubility  of  the  substance  and  relative 
aaount  of  lipids  in  edible  portions  of  fish  or  shellfiA.  To  detexalne 
the  weighted  average  BCF,  three  different  procedures  can  be  used  depen¬ 
ding  upon  lipid  solubility  and  availability  of  bioconcentration  data: 

(1)  For  lipid  soluble  coapounds,  the  average  BCF  is  calculated  froa 
the  weighted  average  percent  lipids  in  ingested  fish  and  shellfish 
in  the  average  Aaerican  diet.  The  latter  factor  has  been  estiaated 
to  be  3  percent  (Stephan  1980,  as  cited  in  USEPA  1980) 

Because  steady-state  BCFs  for  lipid  soluble  coapounds  are  propor¬ 
tional  to  percent  lipids,  the  BCF  for  the  average  Aaerican  diet  can 
be  calculated  a^  follows: 

BCF»v|  ■  BCFap  x  3 .0%  . 

H-ap 

where  BCFgp  ia  the  bioconcentration  factor  for  an  aquatic  species 
and  PLgp  is  the  percent  lipids  in  the  edible  portions  of  that 
species. 

(2)  Where  an  appropriate  bioconcentration  factor  is  not  available, 
the  BCF  can  be  estiaated  froa  the  octanol/water  partition  coeffi¬ 
cient  (P)  of  a  substance  as  follows: 

log  BCF  -  (0.8S  log  P)  -  0.70 

for  aquatic  organisas  containing  about  7.6  percent  lipids  (Veith  et 
al.  1980,  as  cited  in  DSEPA  1980).  An  adjustaent  for  percent 
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lipid*  is  th*  aTer*!*  dial  (3  pareeat  Taraa*  7.6  p*rc*at)  i*  aad* 
to  doriT*  th*  veighted  average  biocoaeeatration  factor. 

(3)  For  aonl ipid- sol  able  coaponad*.  the  available  BCFs  for  edible 
portions  of  coasved  freshwater  and  estnariae  fish  and  shellfish 
are  weighted  according  to  coasnaption  factors  to  deteraiae  the 
weighted  BCF  representative  of  the  average  diet. 


2.2  nABNACOKINETIC  DATA 

Fharaacokinetic  data,  encoapassing  iaforaation  on  absorption,  dis- 
tribntioa,  aetabolisa.  and  excretion,  are  needed  for  deteraining  the 
bioeheaical  fate  of  a  snbstance  in  hnaan  and  aniaal  systeas.  laforaa- 
tion  on  absorption  and  excretion  in  aniaal s.  together  with  a  knowledge 
of  aabient  concentrations  in  water,  food,  and  air,  are  nsefnl  in  estiaa- 
ting  body  bnrdens  in  hnaans.  Fharaacokinetic  data  are  also  essential 
for  estiaating  equivalent  oral  doses  based  on  data  froa  inhalation  or 
other  routes  of  exposure. 


2.3  BIOLOGICAL  EFFECTS  DATA 

Effects  data  which  are  evaluated  for  water  quality  criteria  include 
acute,  subchronic,  and  chronic  toxicity;  synergistic  and  antagonistic 
effects;  and  genotoxicity.  teratogenicity,  and  carcinogenicity.  The 
data  are  derived  priaarily  froa  aniaal  studies,  but  clinical  case  his¬ 
tories  and  epideaiologieal  studies  aay  also  provide  useful  iaforaation. 
According  to  the  EPA  (USEPA  1980),  several  factors  inherent  in  huaan 
epideaiologieal  studies  often  preclude  their  use  in  generating  water 
quality  criteria  (see  N/S  1977).  However,  epideaiologieal  data  can  be 
useful  in  testing  th*  validity  of  aniaal-to-aan  extrapolations. 

Froa  an  assessaent  of  all  the  available  data,  a  biological  end¬ 
point,  i.e. ,  carcinogenicity,  toxicity,  or  organoleptic  effects  is 
selected  for  criteria  foraulation. 


3.  HUMAN  HEALTH  CHTITEHIA  FOR  CARCINOGENIC  SUBSTANCES 

If  sufficient  dsta  exist  to  conclude  that  a  specific  substance  is  a 
potential  huaan  carcinogen  (carcinogenic  in  aniaal  studies,  with  suppor¬ 
tive  genotoxicity  date,  and  possibly  also  supportive  epideaiologieal 
data)  then  the  position  of  the  EPA  is  that  the  water  quality  criterion 
for  that  substance  (recoaaended  aabient  water  concentration  for  naxian 
protection  of  huaan  health)  is  xero.  This  is  because  the  EPA  believes 
that  no  aethod  exists  for  establishing  s  threshold  level  for  carcino¬ 
genic  effects,  and,  consequently,  there  is  no  scientific  basis  for  esta¬ 
blishing  a  "safe'*  level.  To  better  define  the  carcinogenic  risk  sssoci- 
ated  with  a  particular  water  pollutant,  the  EPA  has  developed  a  aetho- 
dology  for  deteraining  aabient  water  concentrations  of  th*  snbstance 
which  would  correspond  to  increaental  lifetiae  cancer  risks  of  10~‘7  to 
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10-5  (on*  additional  ease  of  cancer  in  populations  ranging  froa  ten  ail 
lion  to  100.000.  respect iTely) .  These  risk  estiaates.  however,  do  not 
represent  an  EPA  Jndgaent  aa  to  an  "acceptable”  risk  level. 


3.1  METBODOLOGT  FOE  DETEKNINING  CAECIN06ENICITT  (MWIHBESHOLD)  CRITEEU 

The  aabient  water  concentration  of  a  anbatanee  corresponding  to  a 
specific  carcinogenic  risk  can  be  calenlated  aa  follows: 

70  « _ E&__ 

C  -  qi*  (i  +  0.006SBCF) 


where. 

C  «  aabient  water  concentration; 

R  ■  the  probable  risk  (e.g.  .  10~5;  equivalent  to  one  case  in  100.000): 

BCF  •  the  bioconcentration  factor:  and 

qi*  ■>  a  coefficient  (defined  below)  (OSEPA  1980). 

Bj  rearranging  the  tens  in  this  equation,  it  can  be  seen  that  the  aabient 
water  concentration  is  one  of  several  factors  which  define  the  overall  exposure 
level : 

PR  -  qi*  X  C  0.00d5_BCE) 

70 

or 

R  -  qi*  X  2C  4  (0.0065  BCF  x  C). 

70 

lAere.  2C  is  the  daily  exposure  resulting  froa  drinking  2  liters 
of  water  per  day  and  (0.00d5  x  BCF  x  C)  is  the  average 
daily  exposure  resulting  froa  the  consuaption  of  d.5  ag 
of  fish  and  ahellfiah  per  day.  Because  the  exposure  is 
calculated  for  a  70-kg  aan.  it  is  nonalixed  to  a  per 
kilograa  basis  by  the  factor  of  1/70.  In  this 
particular  case,  exposure  resulting  froa  iidialstion. 
denal  contact,  and  nonaquatic  diet  is  considered 
to  be  negligible. 

In  aiaplified  tens  the  equation  can  be  rewritten 

R  -  qi*  X. 

where  I  is  the  total  average  dally  exposure  in  ag/kg/day 
or 

qi*  -  PR  . 

I 

showing  that  the  coefficient  qi*  is  the  ratio  of 

risk  to  dose;  an  indication  of  the  carcinogenic  potency 

of  the  coapound. 

The  OSEPA  guidelines  state  that  for  the  purpose  of  developing  water 
quality  criteria,  the  aasaaption  is  nsde  that  at  low  dose  levels  there 
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it  •  liattr  rtlttioaahip  bttvtea  dote  tad  ritk  (tt  hi|li  dotet.  hoveycr, 
tkere  uy  be  t  rtpid  iaerette  la  ritk  vitk  dote  retaltiag  ia  t  thtrply 
earyed  dote/retpoate  earye).  At  low  dotet  taea.  tbe  ratio  of  ritk  to 
dote  doet  aot  ekaage  appreciably  aad  qi*  it  t  coattaat.  At  bigb  dotet 
tke  careiaogeaic  poteaey  caa  be  deriyed  directly  froa  ezperiaeatal  data, 
bat  for  ritk  leyelt  of  10~7  to  10"^.  vkich  corretpoad  to  yery  lov  dotet. 
tbe  qi*  yalae  aatt  be  deriyed  by  eztrapolatioa  froa  epideaiological  data 
or  froa  bi^  dote,  tbort-tera  aaiaal  bioattayt. 


3.2  CARCINOGENIC  POTENCY  CALCDUTED  FROM  HUMAN  DATA 

la  baaaa  epideaiological  ttadlet.  careiaogeaic  effect  it  ezpretted 
ia  terat  of  tbe  relatiye  rick  [RR(X))  of  a  cohort  of  iadiyidaalc  at 
ezpocare  X  eoapared  to  tbe  ritk  ia  tbe  coatrol  groap  [PR(coatrol)] 

(e.g.  >  if  tbe  eaacer  ritk  ia  group  A  it  fiye  tiaet  greater  tbaa  tbat  of 
tbe  coatrol  groap.  tbea  RR(X)  -  S).  Ia  tacb  cacec  tbe  "ezcetc*  relative 
caacer  ritk  it  ezpretted  tt  RR(X)  -  1.  aad  the  actual  niaeric.  or  pro- 
portioaal  ezcect  ritk  level  IPR(X)]  caa  be  calculated: 

PR(X)  «  [RR(X)  -  1]  z  PR(eontrol). 

Utlag  tbe  etaadard  ritk/dote  equatioa: 

PR(X)  -  b  z  X 
aad  tubatitutiag  for  PX(X): 

[RR(X)  -  11  z  PR(eoatrol)  -  b  z  X 


or 


b  -  [RR(X)  >  11  z  FR( control). 

X 

where  b  it  equal  to  tbe  carcinogenic  potency  or  qi*. 


3.3  CARCINOGDIIC  POTEMCT  CALCULATED  FROM  ANIMAL  DATA 

la  tbe  cate  of  aaiaal  ttudiea  where  different  tpeciet.  atraint.  aad  tezet 
aay  have  been  tetted  at  different  dotet.  routet  of  ezpoture.  and 
ezpocare  duratioat.  aay  data  tett  uted  ia  calculating  tbe 
health  criteria  aaat  confora  to  certain  ataadarda: 

1.  Tbe  taaor  Incidence  aatt  be  atatittically  tigaif icaatly  higher 
than  tbe  coatrol  for  at  leatt  one  teat  dote  level  aad/or  tbe 
taaor  incidence  rate  aatt  abow  t  atatittically  tigaif leant 
tread  with  retpect  to  dote  level. 

2.  Tbe  data  aet  giviog  the  higbect  eatiaate  of  carcinogenic 
llfetiae  risk  (qi*)  abould  be  telected  nnlett  tbe  taaple  tize 
it  quite  aaall  and  another  data  aet  with  a  aiailar  doce- 
reapoate  relationship  and  larger  staple  size  it  available. 
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3.  If  tvo  or  aor*  data  aata  are  comparable  in  tire  and  identical 
with  reapeet  to  speciea,  atrain,  aez,  and  taaor  aite,  then  tbe 
geoaetrie  aean  of  u*  froa  all  data  aeta  ia  naed  in  tbe  riak 

aaaeaaaent. 

4.  If  ia  tbe  aaae  atndp  tnaora  oeenr  at  a  aignif leant  freqnenep 
at  more  than  one  alte.  tbe  cancer  incidence  ia  baaed  on  tbe 
niaber  of  aaiaala  baying  tnaora  at  aqr  one  of  tboae  aitea. 

In  order  to  aake  different  data  aeta  comparable,  tbe  EPA  gnideliaea 
call  for  tbe  folloving  atandardized  procednrea: 

1.  To  eatabli^  equivalent  doaea  betveea  apeciea,  tbe  ezpoanrea 
are  normal iied  in  terma  of  doae  per  day  (m)  per  unit  of  body 
anrfaee  area.  Beeanae  tbe  anrface  area  ia  proportional  to  tbe 
2/3  power  of  tbe  body  weight  (f ) ,  the  daily  ezpoanre  (X)  can 

be  ezpreaaed  aa: 


If  tbe  doae  (a)  ia  given  aa  mg  per  kg  of  body  weight: 

m 

S  - - , 

w 


then 


•  a  z  W 


and  tbe  equivalent  daily  ezpoanre  (X)  wo^ild  be 

(a  z  w) 

X  - - 

B2/3 


X  -  a  z  fl/3. 

Tbe  doae  meat  alao  be  normalized  to  a  lifetime  average  ezpo¬ 
anre.  For  an  carcinogenic  aaaay  in  which  tbe  average  doae  per 
day  (ia  mg)  ia  m,  and  tbe  length  of  ezpoanre  ia  It,  and  tbe 
total  length  of  tbe  ezperimeat  ia  Lt,  then  the  lifetime 
average  ezpoanre  (Jm)  ia 
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If  th«  duration  of  tho  ozporinent  (Le)  it  laaa  than  tha 
natnral  lift  span  <L)  of  tha  taat  aaiaal.  tha  valna  of  qi*  is 
iacraaaed  by  a  factor  of  (L/L«)3  to  adjnat  for  an  age-tpacific 
Ineraaaa  in  tha  eancar  rata. 

S.  If  tha  azposnra  ia  azpraaaad  aa  tha  diatary  eoncantration  of  a 
anbatanca  (in  ppa)>  than  tha  doaa  per  day  (■)  ia 

■  -  ppa  z  F  z  r, 

where  F  ia  tha  weight  of  tha  food  aatan  par  day  in  kg*  and  r 
ia  tha  abaorption  fraction  (iriiich  ia  generally  aaavBad  to  be 
equal  to  1).  The  weight  of  the  food  aatan  par  day  can  be 
azpraaaad  aa  a  function  of  body  weight 

F  -  ft, 

idiera  f  ia  a  apaciea-apecif ic.  empirically  derived  coefficient 
which  adjnata  for  diffarencaa  in  F  due  to  differencaa  in  the 
caloric  content  of  each  apaeiea  diet  (f  ia  equal  to  0.028  for 

a  70-kg  nan;  O.OS  for  a  0.3S-kg  rat;  and  0.13  for  a  0.03-kg 

aonaa) . 

Snbatitnting  (ppa  z  F)  for  a  and  fW  for  F,  tha  daily  azpoanra 
(doaa/anrf ace  araa^day  or  ai/f2/3)  cmn  be  azpraaaad  aa 


ppa  z  F  ppa  z  f  z  W 

X  •  -  »  -  ■  ppa  z  f  z 

f2/3  f2/3 


€,  Whan  azpoanra  ia  via  inhalation*  calculation  can  be  conaidared 
for  two  caaaa:  (1)  tha  anbatanca  ia  a  water  aolnbla  gaa  or 
aaroaol*  and  ia  abaorbad  proportionally  to  to  tha  aaonnt  of 
air  breathed  in  and  (2)  tha  anbatanca  ia  not  vary  water  aoln¬ 
bla  and  abaorption*  after  eqnilibrina  ia  raachad  between  the 
air  and  tha  body  conpartaenta*  will  be  proportional  to  tha 
aatabolic  rata  which  ia  proportional  to  rata  of  ozygan  con- 
awptlon;  which*  in  tnrn*  ic  a  fnnetion  of  total  body  anrfaoa 
area. 


3.4  EXTRAPOLATION  FROM  HIGH  TO  LOW  DOS  B 

Once  azparinantal  data  have  bean  atandardizad  in  taraa  of  azpoanra 
lavala*  they  are  incorporated  into  a  aathaaatical  nodal  whi^  allowc  for 
calcnlation  of  ezcaca  rick  lavala  and  carcinogenic  potency  at  low  doaea 
by  aztrapolation  froa  high  doaa  aitnationa.  Ihera  are  a  nnabar  of 
aathaaatical  aodala  which  can  be  need  for  thia  proeadnre  (aaa  Erawaki  at 
al.  1983  for  review).  Tha  EPA  haa  aelectad  a  "linearized  anlti-atage" 
eztrapolation  nodal  for  naa  in  deriving  water  quality  criteria  (DSEPA 
1980).  Ihlc  aodal  ia  derived  froa  a  atandard  "general  product"  tine- 
to-raaponaa  (twor)  nodal  (Krawcki  at  al.  1983): 

P(t;d)  ■  1  -  azp(-g(d)H(t)) * 

where  P(t;d)  la  tha  probable  raaponae  for  doac  d  and 
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tia«  t:  |(d)  it  tht  polysoaial  fuictioa  def inlag  the 
•ffeet  of  dote  level,  end  H(t)  the  effect  of  tine: 

f(d)  ■  J  Oid^. 
i«0 

b 

H(t)  -  2  Pit*. 
i-1 

(with  a  tad  P  1  0.  end  2  ^i  *  • 

Ihit  tiae-to-retpoaee  aodel  cea  be  converted  to  e  qnentel  retponte 
■odel  by  iaeorporetioa  of  the  tine  factor  into  each  o  at  a  nnltiplica- 
tive  coaataat  (Criap  1980): 

a 

P(d/t)  *  1  -  exp{  -  2  od*). 

1-0 

or  at  given  in  the  EPA  gnldellaet  (OSEPA  1980): 

P(d)  -  1  -  exp{-(qo  +  qld  +  q2d2  +  ...  +  qkd^^)]. 
where  P(d)  it  the  lifetiae  rltk  (probability)  of  cancer  at  dote  d. 

For  a  given  dose  the  exeett  cancer  risk  A(d)  above  the  backgronad  rate  P(o)  i 
given  by  the  eqnatloa: 

P(d)  -P(o) 

A<d)  - - , 

1  -  P(o) 


where 

A(d)  »  1  -  expC-qid  +  qld^  +  ...  +  qkd*)!. 

Point  estiaates  of  the  coefficientt  qi...qk  and  conteqnently  the 
extra  ritk  fnaetion  A(d)  at  any  given  dote  are  calculated  by  ntiag  the 
etatittical  aethod  of  aaxiaeB  likelihood.  Iheaever  qi  it  not  eqnal  to 
0,  at  low  dotes  the  extra  risk  fnaetion  A(d)  has  approxiaately  the  fora: 

A(d)  •  qi  X  d. 

Conseqneatly.  qi  x  d  represents  a  95  pereent  npper  confidence  liait 
on  the  excess  risk,  sad  B/qi  represents  a  95  percent  lower  confidence 
liait  on  the  dose  prodnelng  an  excess  risk  of  1.  Ihnt  A(d)  and  K  will 
be  a  fnaetion  of  the  aaxiana  possible  vslne  of  qi  which  can  be  deter- 
aiaed  froa  tt*  95  percent  npper  confidence  liaits  on  qi.  This  is  accoa-* 
plished  by  nsing  the  coapnter  prograa  GLOBAL  79  developed  by  Crnap  and 
Watson  (1979).  In  this  procednre  qi*.  the  95  percent  npper  confidence 
liait.  it  calcalated  by  iacreatiag  qi  to  a  valne  which,  when  incorpora¬ 
ted  into  the  log-likelihood  fnaetion.  retnltt  in  a  aaxiana  valne 
aatisfyittg  the  eqnatioa: 

2(Lo  -  Li)  -  2.70554. 

where  Lo  is  the  aaxiana  valne  of  the  log-likelihood  fnaetion. 


lh«a«T«r  th«  asltittage  aodel  dots  not  fit  tlia  data  tnf f Icieatly, 
data  at  tKa  hi^aat  dose  are  deleted  and  the  aodel  ia  refitted  to  the 
data.  To  deteraine  whether  the  fit  ie  acceptable,  the  chi-aqoare  ata- 
tiatie  la  need: 


k  (Xi-Nfi)* 
i-1  NiPix(l-Pi)’ 

where  Ni  it  the  nnaber  of  aniaala  ia  the  ith  doae  groap. 

Xi  la  the  aaaber  of  aaiaala  ia  the  ith  doae  group  with  a 
tUBor  reapoaae.  Pi  ia  the  probability  of  a  reapoaae  ia 
the  ith  doae  group  eatiaated  by  fittiag  the  aultiatage 
aodel  to  the  data,  aad  h  ia  the  auaber  of  reaaiaiag  groupa. 

The  fit  ia  deteraiaed  to  be  uaacceptable  wheaewer  chi-aquare 
(X2)  ia  larger  thaa  the  cuaulatiwe  99  perceat  poiat  of 
the  chi-aquare  diatributioa  with  f  degreea  of  freedoa.  where  f 
equala  the  auaber  of  doae  groupa  aiaua  the  auaber  of 
aoazero  aultiatage  coef f icieata. 


4.  HEALTH  CRITERIA  FOR  NONCAhCINOGENlC  TOIIC  SUBSTANCES 

Hater  quality  criteria  that  are  baaed  oa  aoaearciaogeaic  hnaaa 
health  effecta  caa  be  derived  from  aeveral  aourcea  of  data.  Ia  all 
caaea  it  ia  aaauaed  that  the  aagaitude  of  a  toxic  effect  decreaaea  aa 
the  ezpoaure  level  decreaaea  uatil  a  threahold  poiat  ia  readied  at.  aad 
below  which,  the  toxic  effect  will  aot  occur  regardleaa  of  the  leagth  of 
the  expoaure  period.  Water  quality  criteria  (C)  eatablish  the  coacear 
tratioa  of  a  aubataace  ia  aabieat  water  which,  whea  coaaidered  ia  rela- 
tioa  to  other  aourcea  of  expoaure  [i.e..  average  daily  coaauaptioa  of 
aoaaquatic  orgaaiaaa  (DT)  aad  daily  iahalatioa  (IN)],  place  the  Accepta¬ 
ble  Daily  latake  (ADI)  of  the  aubataace  at  a  level  below  the  toxicity 
thrediold.  thereby  preveatiag  adverae  health  effecta: 

ADI  -  (DT  +IN) 

C  ■  - - - — — — — 

[2L  ^  (0.0069  hg  X  BCF)] 

where  2L  la  the  aaouat  of  water  iageated  per  day.  0.006S  kg 
ia  the  aaouat  of  fiah  aad  ahellfiah  coaauaed  per  day.  aad 
BCF  ia  the  weighted  average  biocoaceatratloa  factor. 

la  teraa  of  aeieatific  validity,  aa  accurate  eatiaate  of  the  ADI  ia 
the  aajor  factor  ia  derlviag  a  aatiafactory  water  quality  criteria. 

The  threahold  expoaure  level,  aad  thua  the  ADI.  caa  be  derived  froa 
either  or  both  aaiaal  aad  huaaa  toxicity  data. 


B-9 


4.1  N0NCA1CIN06ENIC  HEALTH  OtlTEEIA  BASED  ON  ANIMAL  TOXICITY  DATA  (OBAL) 


For  critoria  dorivatioa.  toxicity  ia  dafiaed  aa  aay  adveraa  affects 
which  rasalt  ia  foactioaal  iapaixaaat  aad/or  pathological  lasioas  which 
aay  affaot  the  parforaaaea  of  the  whole  orgaaisa.  or  which  redaca  aa 
orgaaiaa'a  ability  to  raapoad  to  aa  additioaal  ^allaaga  (U5EPA  1980). 

A  bioaasay  yialdiag  iaforaatioa  as  to  the  hi|^ast  chroaic  (90  days 
or  aora)  axposara  tolerated  by  the  test  aaiaal  withoat  adwaraa  affects 
(No-ObsarTad-Adversa-Ef f ect-Lavel  or  NOAEL)  is  aqniwalaat  to  the  toxi¬ 
city  threshold  aad  caa  be  asad  directly  for  criteria  dariwatioa.  la 
additioa  to  the  NOAEL.  other  data  poiats  whidt  caa  be  obtaiaed  froa  tox¬ 
icity  tastiag  are 

(1)  NOEL  •  No-Obsarwad-Ef  fect-Level. 

(2)  LOEL  <■  Lowast-Obsarwed-Ef  fect-Level, 

(3)  LOAEL  «  Lowast-ObsarTcd-Adversa-Ef fect-Lawel , 

(4)  FEL  ■  Fraah-Ef  fect-LaTcl . 

Accordiag  to  the  EPA  gaidaliaes.  oaly  cartaia  of  these  data  poiats 
caa  be  asad  for  criteria  darivatioa: 

1.  A  aiagla  FEL  walaa.  withoat  iaforaatioa  oa  the  other  raapoasa 
lawala.  dioald  aot  be  asad  for  criteria  dariwatioa  bacaaso 
there  ia  ao  way  of  haowiag  how  far  above  the  threshold  it 
occars. 

2.  A  aiagla  NOEL  valaa  is  also  aasaitabla  bacaase  there  ia  ao  way 
of  dataraiaiag  how  far  below  the  threshold  it  occars.  If  oaly 
■altipla  NOELs  are  available,  the  highest  valae  shoald  be 
asad. 

3.  If  a  LOEL  valae  aloae  is  available,  a  jadgeaeat  aaat  be  aade 
as  to  whether  the  valae  actaally  correspoads  to  a  NOAEL  or  aa 
LOAEL. 

4.  If  aa  LOAEL  valae  is  asad  for  criteria  darivatioa.  it  aast  be 
adjasted  by  a  factor  of  1  to  10  to  aahe  it  approxiaately 
eqaivaleat  to  the  NOAEL  aad  thas  the  toxicity  threshold. 

5.  If  for  reasoaably  closely  spaced  doses  oaly  a  NOEL  aad  a  LOAEL 
valae  of  eqaal  qaality  are  available,  the  NOEL  is  asad  for 
criteria  darivatioa. 

The  aost  reliable  estiaate  of  the  toxicity  threshold  woald  be  oae 
obtaiaed  froa  a  bloaaaay  ia  which  aa  NOEL,  NOAEL.  LOAEL,  aad  clearly 
lefiaed  FEL  were  observed  ia  relatively  closely  spaced  doses. 

Begardless  of  which  of  the  above  data  poiats  is  ased  to  estiaate 
the  toxicity  threshold,  a  jadgeaeat  aost  be  aade  as  to  whether  the 
axpcriaeatal  data  are  of  satisfactory  qoality  aad  qoaatity  to  allow  for 
I  valid  extrapolatioa  for  hoaaa  exposore  sitoatioas.  Depeadiag  oa 
shether  the  data  axe  coaaidered  to  be  adeqaate  or  iaadeqaate.  the 
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toxicity  tbrodiold  is  adjusted  by  a  ''safety  factor"  or  "nacertaiaty  fac¬ 
tor"  (Nils  1977).  The  "aacertaiaty  factor"  aay  raage  {tarn  10  to  1000 
aceordiag  to  the  followiag  gaaeral  gnldellaes: 

1.  Uaeertalaty  factor  10.  Valid  ezperisieatai  results  froa  stu¬ 
dies  oa  proloaged  iagestioa  hy  aaa,  vith  ao  iadicatioa  of  car- 
ciaogeaicity. 

2.  Uaeertalaty  factor  100.  Data  oa  ehroaic  exposures  ia  huaaas 
aot  available.  Valid  results  of  loag-tera  feedlag  studies  oa 
•xperiaeatal  saiasls,  or  ia  the  al>seaee  of  haaaa  studies, 
valid  aaiaal  studies  oa  oae  or  acre  species.  No  iadicatioa  of 
car ciaogeai city. 

3.  Uaeertalaty  factor  1000.  No  loag-tera  or  acute  exposure  data 
for  hiaiaas.  Scaaty  results  oa  experiaeatal  aaiaal s  vith  no 
iadicatioa  of  carcinogenicity. 

Uncertainty  factors  which  fall  between  the  categories  described 
above  should  be  selected  on  the  basis  of  a  logarithaic  scale  (e.g. ,  33 
being  halfway  between  10  ar  100). 

The  ghrase  "no  iadlcatlon  of  carcinogenicity"  aeans  that  carcino- 
gealclty  data  froa  aaiaal  experiaeatal  studies  or  huaaa  epideaiology  are 
aot  available.  Data  froa  short-tera  carciaogealclty  screeaiag  tests  aay 
be  reported,  but  they  are  aot  used  ia  criteria  derivstioa  or  for  ruling 
out  the  uncertainty  factor  approach. 


4.2  CRITERIA  BilSED  ON  INHALATION  EIP06URB 

la  the  absence  of  oral  toxicity  data,  water  quality  criteria  for  a 
substaace  caa  be  derived  froa  threshold  liait  values  (TLVs)  established 
by  the  Aaeriesa  Conference  of  Goveraaeatal  and  Industrial  Hygienists 
(AOOIH).  the  Occupational  Safety  sad  Health  Adainlstratioa  (OSHA).  or 
the  National  Institute  for  Occupatioaal  Safety  and  Health  (NICSH) ,  or 
froa  laboratory  studies  evaluating  the  ii&alation  toxicity  of  the  sub- 
staaoe  ia  experiaeatal  aaiaal s.  TlrVa  represent  8-hr  tiae-veighted 
averages  of  coacentratloas  ia  air  designed  to  protect  workers  froa 
various  adverse  health  effects  during  a  noraal  working  career.  To  the 
extent  that  TLVs  are  based  on  sound  toxicologicsl  evaluations  and  have 
beea  protective  in  the  work  situatioa.  they  provide  helpful  iaforaatioa 
for  deriving  water  quality  criteria.  However,  each  TLV  aust  be  exaained 
to  decide  if  the  data  it  is  based  oa  can  be  used  for  calculating  a  water 
quality  criteria  (.'lag  the  uncertainty  factor  approach).  Also  the  his¬ 
tory  of  each  TLV  should  be  exaaiaed  to  assess  the  extent  to  vhi^  it  has 
resulted  in  worker  safety.  Vith  each  TLV.  the  types  of  effects  against 
which  it  is  designed  to  protect  are  exaaiaed  in  teras  of  its  relevance 
to  exposure  froa  water.  It  aust  be  ^ova  that  the  dieaical  is  not  a 
localized  irritant  and  there  is  no  significant  effect  at  the  portal  of 
entry,  regardless  of  the  exposure  route. 
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Hie  Bost  iaporteat  factor  in  asing  lahaletiOB  data  is  ia  deter- 
■  iaiag  eqairaleat  dose/respoase  relatioaships  for  oral  ezposaret. 

Estiaatea  of  eqaivaleat  doses  caa  be  based  apoa  (1)  available  phar- 
■acokiaetic  data  for  oral  aad  iahalatioa  roates>  (2)  aeasaxeaeats  of 
absorptioa  efficieacy  froa  iagested  or  iidialed  cheaicalst  or  (3)  coa- 
paratlve  ezcretioa  data  vbea  associated  aetabolic  patbvaps  are 
eqnivaleat  to  those  folloviag  oral  iagestioa  or  iahalatioa.  The  use  of 
pharaacokiaetic  aodels  is  the  preferred  aethod  for  converting  froa 
iahalatioa  to  equivalent  oral  doses. 

In  the  absence  of  pharaacokiaetic  data.  TLV»  and  absorption  effi¬ 
ciency  aeasareaents  can  be  used  to  calcnlate  aa  ADI  value  by  aeans  of 
the  Stokinger  and  Woodward  (1958)  aodel : 

ADI  «  TLV  z  BE  X  DE  z  d  z  kjJ  (kO  z  SF), 

where. 

BR  =  daily  air  Intake  (assnae  10  a^). 

DE  >  duration  of  exposure  in  hours  per  day. 
d  *‘5  dnjs/l  days. 

Aa  *  efficiency  of  absorption  froa  air. 

Ao  «■  efficiency  of  absorption  froa  oral  exposure,  and 
SF  ®  safety  factor. 

For  deriving  an  ADI  froa  aniaal  inhalation  toxicity  data,  the  equation  is: 

ADI  -  Ca  z  DE  z  d  z  AA  *  BE  z  70  kg/(BfA  x  AO  z  SF), 

where. 

Ca  *  concentration  in  air  (mg/w?), 

De  >  duration  of  exposure  (hr/day), 

d  *  nuaber  of  days  ezposed/auaber  of  days  observed, 

Aa  =  efficiency  of  absorptioa  froa  air, 

BR  *  voluae  of  air  breathed  (a^/day), 

70  kg  ■  standard  human  body  weight. 

BWa  >  body  weight  of  ezperiaeatal  aniaals  (kg). 

Ao  -  efficiency  of  absorption  froa  oral  exposure,  and 
SF  -  safety  factor. 

The  safety  factors  used  in  the  above  equations  are  intended  to 
account  for  species  variability.  Consequently,  the  ag/surface  area/day 
conversion  factor  is  not  used  in  this  aethodology. 


\ 

5.  ORGANOLEPTIC  CRITERIA 


Organoleptic  criteria  define  concentrations  of  substances  which 
impart  undesirable  taste  and/or  odor  to  water.  Organoleptic  criteria 
are  based  on  aesthetic  qualities  alone  and  not  on  toxicological  data, 
and  therefore  have  no  direct  relationship  to  potential  adverse  huaan 
health  effects.  However,  sufficiently  intense  organoleptic  effects  aay. 
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nader  toae  cirenastaaces,  reanlt  la  dapreaaad  flnid  iataka  which,  la 
tara,  aight  aggrawata  a  variety  of  faaotloaal  disaaaea  (i.a.,  kldaey  and 
olrcolatoxy  diaaaaaa). 

Fox  coapaxiaoa  pnrpoaea.  both  orgaaoleptic  eritaria  aad  hnaaa 
haalth  affaota  eritaria  eaa  ba  derived  for  a  givaa  water  pollntaat; 
however,  it  ahoald  be  explicitly  atated  ia  the  criteria  docaaeat  that 
the  orgaaoleptic  criteria  have  ao  deaoaatrated  relatloaahip  to  poteatlal 
adverae  haaaa  health  effecta. 


B-13 


6.  REFERENCES 


Cmp.  K.S.  1979.  Dose- response  probleas  in  carcinogenesis.  Bioaetrics 
35:157. 

Criap.  E.S..  and  1.1.  latson.  1979.  GLOBAL. 79.  A  FORTRAN  prograa  to 
extrapolate  dichotoaons  aniaal  carcinogenicity  data  tr  lev  dose. 

National  Institute  of  Health  Science  Contract  No.  1-E5-2123. 

International  Coaaission  on  Radiological  Protection.  1977.  Recoaaenda- 
tioa  of  the  ICSP.  Publication  No.  26.  Pergasiaon  Press.  Oxford.  England. 

Krewski.  D. .  K.S.  Crnap.  J.  Faraer.  D.l.  Gaylor.  R.  Howe,  C.  Portier.  D. 
Salsbnrg.  R.L.  Sielken.  and  J.  Vanryzin.  1983.  A  coaparison  of  statisti¬ 
cal  aethods  for  low-dose  extrapolation  utilizing  t iae-to-tuaor  data. 
Fund.  ApdI.  Toxicol .  3:140-160. 

NAS.  1977.  Drinking  water  and  health.  Safe  Drinking  later  Coaaittee. 
Advisory  Center  on  Toxicology.  National  Research  Council.  National 
Acadeay  of  Science,  lashington,  DC.  939  pp. 

Stephan,  C.E.  1980.  July  3  aenorandua  to  J.  Stara,  DS  Environaental  Pro¬ 
tection  Agency,  (as  cited  in  USEPA  1980). 

Stokinger,  N.E.  and  R.L.  loodward.  1958.  Toxicological  aethods  for  esta¬ 
blishing  drinking  water  standards.  2.  Aa.  later  lorks  Assoc.  50:517. 

USEPA.  1980.  later  Quality  Criteria  Documents,  Environaental  Protection 
Agency.  Fed.  Resist.  45:79318-79357, 

Veith.  G.D. .  et  al.  1980.  Measuring  and  estiaating  the  bioconcentration 
factors  of  cheaicals  in  fish.  2.  Fish.  Res.  Bj|.  Can.  36:1040.  (as  cited 
in  USEPA  1980). 


DISTRIBUTION  LIST 


Comander 

US  Army  Blonwdical  Rastarch  and 
Davalopment  Laboratory 
ATTN:  SGRO-UBG-M 

Fort  Oetrick,  Frederick.  MO  21701-5010 

Defense  Technical  Information  Center  (OTIC) 
ATTN:  DTIC-FDAC 
Cameron  Station 
Alexandria.  VA  22304-6145 

Commander 

US  Army  Medical  Research  and 
Development  Command 
ATTN:  SGRD-RMI-S 

Fort  Oetrick.  Frederick,  MO  21701-5012 
Commander 

US  Army  Biomedical  Research  and 
Development  Laboratory 
ATTN:  SGRD-UBZ-IL 

Fort  Detrick.  Frederick.  MO  21701-5010 
Commandant 

Academy  of  Health  Sciences 
United  States  Army 
ATTN:  HSHA-DCD 

Fort  Sam  Houston,  TX  78234-6100 
Chief 

USAEHA  Regional  Division,  West 
Fitzsimmons  AMC 
Aurora,  CO  80045-5001 

Chief 

USAEHA  Regional  Division,  North 
Fort  George  G.  Meade,  MD  20755-5225 

Chief 

USAEHA  Regional  Division,  South 
Bldg.  180 

Fort  McPherson,  GA  30330-5000 
Commander 

USA  Health  Services  Command 
ATTN:  HSPA-P 

Fort  Sam  Houston,  TX  78234-6000 


CoimMnder 

US  Army  Toxic  and  Hazardous  Materials  Agency 
ATTN:  AMXTH-TE-D 

Aberdeen  Proving  Ground.  MD  21010-5401 
HQDA 

ATTN:  ENVR:  Room  lE-677 
The  Pentagon 

Washington,  DC  20310-2600 


